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Original Communications 


A CONSIDERATION OF THE DANGERS OF LOBECTOMY* 


Epwarp ARCHIBALD, M.D., Hon. F.R.C.S.( ENGLAND) 
MontTREAL, CANADA 


HE removal of a complete lobe of one lung is becoming a thing 

of frequent occurrence. While Garré in 1912 could record only 
some half dozen lobectomies done by as many surgeons, for advanced, 
even desperate, cases of bronchiectasis with abscess, Alexander in 
March, 1933, was able to collect 127 cases done by the general surgeon 
without particular knowledge of or experience in thoracic surgery, 
and 115 cases by surgeons who did possess that experience and knowl- 
edge. The difference was seen in the operative mortality rate which 
in the former was 53.4 per cent and in the iatter 21.5 per cent. This 
difference in results depends certainly to some degree upon a relative 
lack of skill in pure operative technic, as well as an imperfect knowl- 
edge of cardiopulmonary physiology, but much more, I believe, upon 
the method adopted and the choice of cases. For instance, the opera- 
tive mortality of Lilienthal, an experienced thoracic surgeon, was, in 
1923, quite as high as the figure given by Alexander for the inexpert 
thoracic surgeon of the past ten years. Improvement has come grad- 
ually through changes in the original too simple technic, adopted, one 
by one, as experience has taught us. Evarts Graham changed to a 
different method entirely, his cautery pneumectomy ; Alexander adopted 
the general principles of Robinson of the multiple-stage operation with 
additions and modifications; Brunn and Shenstone elaborated the one- 
stage operation but added safeguards. I advised in 1923 preliminary 
thoracoplasty for the purpose of allowing thorough exteriorization of 
the lobe as a general safeguard, then went over to Graham’s cautery 


*Read before the Seventeenth Annual Meeting of the American Association for 
Thoracic Surgery at Boston, May 31, June 1 and 2, 1934. 
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pneumectomy, and finally reverted to Shenstone’s technic, adding fur- 
ther safeguards. But we are all still acutely aware of dangers un- 
conquered. 

The whole subject of the dangers inherent in this operation of 
lobectomy was admirably discussed by Alexander a year ago upon the 
occasion of describing his own technic and recording his results in 16 
cases, results, by the way, which were until then the best published. 
The present article is intended merely as a further contribution to 
such a discussion. It should first be said, however, that the mortality 
rate of lobectomy is very far from being a question of operative 
method alone. as is well illustrated by a footnote in Alexander’s pa- 
per, reporting a verbal communication from Tudor Edwards to the 
effect that Edwards had done 11 lobectomies by Shenstone’s method, 
with only 1 death, which represents a mortality of only 9 per cent. In 
contrast to this, Shenstone’s own figures are 5 deaths in 16 cases; 
that is, almost 30 per cent. It is obvious that these striking differ- 
ences cannot be due to differences in technie, and it is almost equally 
obvious that the difference must lie in the type of case selected for 
operation. I think it fair to observe that in most of the articles 
hitherto published upon the technic and the results of lobectomy for 
bronchiectasis there is a serious lack of sufficiently accurate descrip- 
tions of the pathologic condition of the lobe removed, of the nature 
and extent of coincident abscess formation, of the characteristics of 
the sputum in regard to its content in fluid pus, and particularly of a 
full case history. All these things have an important bearing on the 
outcome of operation. Lacking such exact information, and lacking 
a more precise classification of the operative risk as determined by 
such factors, we are really unable to form a precise judgment on the 
value of these competing operative methods. In a general way, no 
experienced surgeon will deny the assumption that the less septie, 
speaking in a general sense, the lobe is, the greater is the possibility 
of successful removal; and the more infected, the greater the risk. 

This aspect of the problem hangs together with that of establishing 
prognosis. Inasmuch as prognosis depends, except in very advanced 
and obviously very serious cases of the disease, upon exact pathologic 
diagnosis; and inasmuch as this again depends upon the lipiodol pic- 
ture; and finally inasmuch as lipiodol observations are only ten years 
old (indeed for the greater part of accumulated experience, really 
only five years old), it is clear that prognosis quoad vitam (under 
medical treatment alone) cannot yet be soundly established. In say- 
ing this I refer particularly to the prognosis of the comparatively 
early and more moderate conditions of bronchiectasis, in which par- 
enchymal pneumonitis and obvious abscess are not present, and the 
clinical course is benign. Some would justify lobectomy in these rela- 
tively favorable cases upon the ground that they inevitably go on into 
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graver forms of the disease, while others would forbid operation for 
any such reason, pointing to the indubitable fact, which rests not 
alone on recent lipiodol observations but also on the clinical experi- 
ence of the past, that many of these patients carry on quite well 
enough for many years, under the rubric of chronic bronchitis, and 
without disablement as to work or general health. It is probable that, 
if lobectomy were confined to such rather benign cases, the operation 
could show a very low mortality rate indeed. Animal experimentation 
has demonstrated that the removal of healthy lobes can be done with 
great safety. On the other hand, those surgeons who reserve for 
lobectomy the graver conditions of sepsis, and who, at times, accept 
even bilateral cases, will inevitably show a much higher mortality in 
their statistics. 

I, therefore, put forward the suggestion that patients suffering 
from bronchiectasis should be ranged in, let us say, three groups, 
somewhat after the manner in which Brunner has divided candidates 
for thoracoplasty in tuberculosis. In the first group would come those 
whose clinical symptoms suggest only an aggravated form of chronic 
bronchitis, with later superadded catarrhal infection; in whom lipiodol 
filling shows the cylindrical form of dilatation, without evidence of 
bronchiectatic abscess, and in whom the x-ray plate shows the lung 
parenchyma to be free of shadow suggesting old unresolved pneu- 
monitis. These patients suffer only from cough, with a considerable 
amount of sputum, which is mucoid or even mucopurulent, which they 
get rid of in one or two bouts of coughing during the twenty-four 
hours; they never have fever, and their only disability is the unpleas- 
antness of the cough and expectoration. 

In the third class would be placed those patients who are obviously 
suffering from chroni¢ sepsis; who have occasional or frequent bouts 
of fever; who suffer from some dyspnea on exertion; whose cough is 
frequent and sputum abundant, often foul; who have clubbed nails; 
in whom often there is seen in the sputum bottle a bottom layer of 
fluid greenish pus, indicating abscess; and who are disabled from 
work. The x-ray picture usually shows a more or less diffuse shadow 
in the lobe affected, indicating old unresolved pneumonitis; the pleura 
is thickened, and usually adherent; they may have come through at- 
tacks of pleurisy, even a serous effusion, later absorbed, or even a 
frank empyema, which has been drained and healed. Lipiodol injec- 
tion shows usually cylindrical, fusiform, and saccular dilatations, fre- 
quently with abscesses both small and large. The lung in these grave 
conditions is a sort of marsh, and in the worst cases one might eall it 
a cesspool. Drainage by expectoration is free, but never sufficiently 
free. Septic absorption is chronic. The immunologic balance is easily 
upset. These patients have lost weight and color and energy. Often 
postural drainage, bronchoscopic aspiration, and climatie treatment 

















338 THE JOURNAL OF THORACIC SURGERY 





have been tried and have accomplished nothing of real value, and they 
come to the surgeon finally, ready to take almost any risk in order to 
get free of so noisome a disease. Many of Lilienthal’s patients, re- 
ported in his striking article of 1922, were of this type; and Lilienthal, 
I think, was right when he said operation was justified even with a 60 
per cent mortality risk. Many of these also harbor slight or moderate 
disease of the other lower lobe, or of the middle lobe, if on the right 
side; and one is strongly tempted to take into the bargain such extra 
disease and remove the seriously affected lobe, because one is certain 
that life under such conditions is almost unbearable to the patient, 
and in any event cannot be long preserved. The surgeon also takes a 
little encouragement from the two successful cases, reported by Evarts 
Graham and Eloesser, of removal of both lower lobes in stages sepa- 
rated by the interval necessary for the healing of the side first oper- 
ated on. But the mortality rate of lobectomy in eases of this third 
class is, in my experience, and I think in the general experience, rela- 
tively high, although at present certainly decidedly better than that 
reported up to five years ago. 

In the second group I would place those patients who occupy the 
middle ground between the first and the third classes. As surgical 
risks they are neither very good nor very bad. They represent all 
those patients who, though seriously distressed by cough and by a fair 
amount of sputum which at times may be foul smelling, but for long 
periods is not, still are able to get about and even to do a good deal 
of work, inasmuch as, drainage being free through the bronchi, they 
do not suffer from retained pus. The x-ray picture is liable to show 
cylindrical, fusiform, and even small saccular dilatations, and in ad- 
dition slight diffuse thickening of the parenchyma; but no clearly 
defined abscesses. The bronchial dilatation often involves both of the 
main distributions of the lower lobes. There may occasionally occur 
short periods of fever, either from retention or from a fresh shove of 
parenchymatous infiltration. In the worse cases of this class a certain 
amount of parenchymatous infiltration, with fibrosis, remaining after 
an original pneumonitis, is present, but retention abscesses in this area 
either are not present or, if so, remain quiet. Occasionally on this 
basis there may occur a pleurisy, or even an empyema, although at 
this point one gets near the borderline of the third class. There are, of 
course, all grades of disability from work, but in any ease the condi- 
tion, as judged clinically, does not give rise to serious apprehension. 
Often these patients have had the same degree of infection and the 
same symptoms for years, although at times they have been semi- 
invalid. The question here to be resolved is again one of prognosis. 
What is to become of these patients under ordinary medical measures, 
or with less severe operations than lobectomy? Without operation must 
we expect that they will go on to the condition of the patients of the 
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third class, or can we expect that they will carry on for many years 
without at least getting any worse? 

The answer to this question of prognosis, although quite clear in the 
third class, is difficult to give in the first and second classes. We do 
not yet possess much information, but now, after ten years of lipiodol, 
reports are beginning to come in. The articles of Roles and Todd, and 
of Wall and Hoyle, are quite instructive in this respect. The article 
of the latter, concerns, it is true, only what is called ‘‘dry’’ bronchiec- 
tasis, or what Roles and Todd prefer to call ‘‘simple’’ bronchiectasis, 
which is quite without symptoms save for repeated hemorrhages. 
These are essentially aseptic cases. The dilatation may be cylindrical 
or fusiform or saccular, and may be quite as large as what is seen in 
the average case of infected bronchiectasis. The point that they estab- 
lished was that these aseptic cases nearly all remained aseptic. In 
their own series of 20 cases and in 30 others reported in the literature, 
only 2 were found during the course of several years to have devel- 
oped .a copious foul sputum, and one of these followed an attack of 
bronchopneumonia, which came on during observation. None of the 
other cases showed this feature, and there were many from whose his- 
tory one could judge that the disease had been present for from five 
to over twenty years. In fact one patient had had a probable duration 
of forty-seven years, and another thirty years. In the one case which 
has come under my own treatment, the patient had had hemorrhages 
for twenty years, which had always been considered to come from the 
stomach until in our clinic it was discovered that he had dry bron- 
chiectasis, and he was cured by lobectomy. This condition of aseptic 
bronchiectasis does not properly come even into my first class in which 
some infection, though mild, is present and is evidenced by the con- 
dition of mucopurulent sputum; but the absence in so many cases of 
any development into the more septic type, uring long periods of 
observation, has a bearing on our conception of the prognosis in 
Class 1, which may be compared with a chronic pharyngeal or laryn- 
geal catarrh. The danger of serious aggravation of the infection in 
catarrhal processes is known to be slight, unless some unexpected in- 
tercurrent infection like an influenzal pneumonia should appear. It 
is true, as Wall and Hoyle point out, that we do not know definitely 
that the typical septic type of the disease may not follow or develop 
from a dry bronchiectasis. This must be left to careful observation 
in the future; but all our present evidence goes to show not only that 
this sequence has not arisen but also that the really septic type most 
often arises in a lung damaged by pneumonitis, with failure of the 
lesion to resolve. Here, as a matter of fact, the clinical investigations 
of Roles and Todd do give us some help. It would oceupy too long a 
time to abstract their valuable paper in full; but I may quote certain 
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of their conclusions which bear on the point under discussion, namely, 
the outlook for patients who remain under purely medical treatment. 

They took 106 ‘‘unselected’’ cases of bronchiectasis, proved by 
lipiodol examination, and observed at the Brompton Hospital for a 
period of from three to six years. These patients are described as 
‘‘examples of the ordinary established condition, many of them of the 
textbook variety.’’ Of these 106 cases, however, we have to subtract 
22 of the dry variety and 10 of the ‘‘simple’’ (characterized, appar- 
ently, by very mildly infected sputum, and belonging probably to the 
milder cases of my first class). There remain 39 ‘‘septic’’ (meaning, 
it seems, such as have a more grossly infected sputum) and 35 ‘‘fetid’”’ 
cases (meaning ‘‘foul and copious sputum’’). It is presumable that 
the ‘‘septic’’ eases belong in the main to my second class, and the 
‘*fetid’’ to my third class, although, failing details, this can be only a 
guess. Of 14 ‘‘fetid’’ cases treated medically only 2 patients survived, 
and one of these was totally incapacitated. Of 17 ‘‘septic’”’ cases 
treated medically 7 patients remained totally incapacitated, after three 
to five years’ observation, ‘‘with persistent fetid sputum.’’ They found 
a total ‘‘medical’’ mortality of 51 per cent. They asserted that under 
medical treatment alone the disease was liable to spread during the 
five years of observation to other parts of the same lung or to the 
contralateral lung; and they felt, in general, that even the mild forms 
of the disease tended strongly, during the course of a very few years, 
to develop into the septic and fetid forms, and that surgical measures 
should therefore be instituted early. 

One’s impressions from reading this paper may be briefly expressed. 
‘*Fetid’’ cases (my Class 3) offer an almost hopeless prognosis under 
medical treatment—12 deaths within five years—and therefore lobec- 
tomy even with a high mortality of 30 to 50 per cent is justified. 
‘Septic’? cases (my Class 2) are liable to go on into the ‘‘fetid’”’ 
group, and lobectomy with a comparatively low mortality rate (esti- 
mated at 10 to 20 per cent according to grade of infection) is likewise 
justified but must compete with lesser surgical procedures. As to the 
‘‘simple”’ eases (my Class 1), the paper does not prove by giving 
details that these do frequently develop into the septic and fetid types; 
therefore lobectomy is not as yet indicated. Finally, the fact that the 
authors state that their lobectomy mortality rate is only 2 in 34 cases 
(6 per cent), while in the series of 106 cases only 5 lobectomies were 
done, of which 2 patients died, would seem to indicate that the other 
29 lobectomies in the Brompton Hospital must have been carried out 
on other patients suffering from a grade of the disease not included 
in their ‘‘textbook”’ series. In other words, one has to conclude that 
these 29 lobeetomies were performed on patients of the ‘‘simple’’ 
variety (my Class 1) under the assumption that such patients were 
bound to progress within a few years to the severer forms of infec- 
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tion. While one may still seriously doubt the validity of this assump- 
tion, one cannot but congratulate the Brompton surgeons upon their 
remarkably low mortality rate in such cases. For my own part, J 
feel that one should still wait, in the case of these patients of Class ], 
until they begin to show, usually as the result of an intercurrent pneu- 
monitis, the signs of an aggravation of their condition such as to bring 
them into Class 2 before considering the operation of lobectomy. 

I have been at pains to discuss this question of the types of bron- 
chiectasis, the prognosis under medical treatment, and the selection 
of cases for operation, because the facts cited indicate that the danger 
of lobectomy varies very greatly with the type of pathologie lesion, 
and of the clinical course present in any given ease. 

We may now proceed to discuss the more immediate dangers in- 
herent in the operation itself. It can hardly be said that we have as 
yet found the perfect technical method of complete lobectomy. One 
may, indeed, claim that no one method is the best for all cases. Re- 
sisting powers of the patient; the extent of involvement of the lung; 
the pathologic type of infection; the presence of bilateral disease ; the 
adherence or nonadherence of the uninvolved lobe; the skill and pa- 
tienece of the operator; the condition of the heart muscle (so difficult 
to estimate accurately); the blood pressure; the type of anesthesia 
employed ; the position on the operating table, as regards both freedom 
of respiration and the gravitation of pus from the diseased to the 
healthy side—all these factors, and doubtless others, combine to econ- 
fuse judgment upon the claims put forth by the protagonists of various 
operative technics. It would be, however, a mistake to emphasize 
unduly this confusion. Any close study of the experience of one’s own 
work, and of the recorded work of others, does bring out into high relief 
certain principles of operation which have gradually been established 
on the basis of the dangers and disasters which all surgeons have met. 
It would be in this place a work of supererogation to review in detail 
the history of lobectomy, and in any case that has been done by Ballon, 
Singer and Graham in their excellent series of articles in the JouRNAL 
or THORACIC SuRGERY of December, 1931, to April, 1932. We are still 
undoubtedly, in spite of a much more informed sense of direction than 
was the case ten years ago, in the stage of groping, finding, recording, 
and provisional judgment. I can hardly do better than set down at 
this point the results of my experience, together with the conclusions, 
at which, for the moment, I have arrived, and with occasional com- 
ments upon the arguments of others. : 

It is not proposed in this article to discuss the value of the lesser 
operations for nontuberculous infections of the lung, chiefly bron- 
chiectasis. I will only say very briefly that I consider artificial pneu- 
mothorax, phrenicectomy, and in a few cases Hedblom’s graded 
thoracoplasty, suitable for and perhaps legitimate rivals of lobectomy 
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in eases of relatively mild infection; as for instance, the better ones 
of my second class. These measures are still, on the whole, safer for 
life than is lobectomy, but only in the type mentioned. In the graver 
types of infection they are practically as dangerous to life and very 
much less efficient for improvement or cure than is lobectomy. Hed- 
blom’s differentiation of bronchiectasis into the uncomplicated and 
complicated forms is a most useful one, and the results of his graded 
thoracoplasty in these two types is illuminating. You will remember 
that he was satisfied with his results in the uncomplicated cases with- 
out parenchymatous pneumonitis; while in the complicated types, 
throwing a shadow in the x-ray film, he had to acknowledge a mortal- 
ity rate of 40 per cent. These latter might profitably have been sub- 
mitted to primary lobectomy. 

Coming then to the question of lobectomy, we can divide the dangers 
into three main groups: first, infection; second, acute disturbances 
of the eardiae and respiratory functions; and third, accidents belong- 
ing to the operative act itself, namely, serious hemorrhage from wound- 
ing of the pedicle vessels, air embolism, and mediastinal emphysema. 

Under the heading of infection, we count as causes of death, localized 
or total empyema; septicemia developing from such empyema or from 
the infected stump; virulent infection of the chest wall; contralateral 
pneumonitis, with or without pneumonitis of the side operated on; 
and secondary hemorrhage from the infected vessels of the stump. 
We shall take these up in order. 

Empyema.—In my 13 eases of lobectomy, all for bronchiectasis (in 
2 secondary to cancer of the stem bronchus), some degree of empyema 
has followed operation in practically all, in spite of using Shenstone’s 
technic of covering the pedicle stump with lung tissue in most of them. 
Only in 2 was it an important factor in death. In these 2, there was 
in one associated virulent infection of the chest wall, and also an acute 
pneumonitis of the contralateral side, aggravating previous existing 
bronchiectasis, the case being a bilateral one; while in the other case 
there were pyemic abscesses also in the other lung. In all the rest 
the empyema was of mild grade and easily overcome. Shenstone says 
that in his series of 16 he has had only 4 empyemas, of which 2 were 
‘‘above the upper lobe’’ (meaning thereby presumably total), and of 
these four, 2 patients died. This claim parallels a further claim 
that pleural fistula developed only in 6. Surely it is pardonable 
to suggest that the cases of his series were not of so infective a type 
as the majority of the ‘‘fetid’’ cases reported from the Brompton Hos- 
pital, already referred to. On the whole, those who make no attempt to 
cover the stump with a cuff of lung definitely accept as inevitable a sub- 
sequent empyema, which they expect to get well, as does the ordinary 
empyema when properly drained. These, however, fail to consider the 
difference in the type of pathologie infection, as between the more viru- 
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lent strains of some bronchiectasis cases and the relatively benign pneu- 
mococcic empyemas. In one of my fatal cases, which I regarded as being 
due chiefly to empyema, infection was clearly of an anaerobic type, with 
terribly foul odor, and extending, moreover, into the chest wall, with 
the usual gangrene. This type of infection, once established, does not 
yield to antigangrene serum, and is independent of the technic em- 
ployed. It is unlikely to be avoided either by a multiple-stage technic 
or by lung covering of the stump. In my own case it occurred in 
spite of a method which I have employed in the last three cases with 
the distinct object of preventing empyema, and which I shall now 
describe. After the lobe has been pedicled, the whole of the lower 
half of the chest (the upper lobe being adherent) is packed with broad 
strips of gauze; the tourniquet is then applied on the pedicle; and 
then, proximal to this, a large sheet of dental rubber is closely clamped 
around the pedicle and brought out through the chest opening, so that 
one operates entirely inside this rubber tent. After the treatment of 
the stump the tent is removed; the gauze is left in place; or if there 
has been any suspicion of soiling, the first gauze is replaced by a 
second packing; and the strips are brought out of the wound at either 
end of the skin incision. In three cases in which it was employed the 
empyema was not entirely prevented, but in two cases it was appar- 
ently definitely lighter than usual. The other case was the one referred 
to in the preceding paragraph, with anaerobic infection leading to 
death. It is my opinion that pleural adhesions in these nontuberculous 
infections frequently contain living bacteria. In one patient (about 
ten years ago) I did an intrapleural pneumolysis without injuring the 
lung, and compressed the lung with gauze packing. There followed 
a quite serious empyema, which I could ascribe only to the lighting 
up of infection contained in the separated adhesions; and it is a well- 
known fact that peritoneal adhesions will frequently yield a growth, 
if cultured. Consequently I think we are fated, in all serious bron- 
chiectasis with pleural infection, to witness a development of some 
pleural infection, no matter what technic is employed. In the less 
septic cases, with few adhesions, or occasionally none, this danger is 
minimized. If the upper lobe is not adherent, empyema may not re- 
main confined to the lower chest but become a total one. In this 
respect I find myself unable to agree with Shenstone, who prefers to 
use a preliminary artificial pneumothorax in order to stabilize the 
mediastinum, and express, so far as possible, pus from the infected 
lobe. He expects that with closure of the chest, and blowing up of 
the upper lobe, the latter will very soon become adherent and prevent 
empyema spreading upward. The fact that in two of his four empyema 
complications it is stated that the empyema was above the upper lobe 
indicates that such adhesions do not always oceur. For this reason 
I prefer, in agreement with Alexander and others, to secure adhesions 
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of the upper lobe before lobectomy. This serves the double purpose 
of stabilizing the mediastinum and of preventing total empyema. As 
it happens, the great majority of my patients have had an adherent 
upper lobe. In several I have attempted a pneumothorax in order 
to demonstrate the presence or absence of adhesions, but in the few 
in which air could be got in, I have withdrawn the air and have found 
later that the upper lobe was insufficiently adherent to prevent spread. 
I think that the existence of wide adhesions in the upper part of the 
chest indicates, in a general way, a greater degree of safety from 
infection, and it is often present where only one lobe is seriously dis- 
eased. In one case in which there were found to be practically no 
adhesions over the upper lobe, I asked Dr. Bethune to use an apparatus 
and a method lately devised by him for the purpose of creating ad- 
hesions. He ealls it ‘‘pleural poudrage.’’ After creating a pneumo- 
thorax he blows in a certain powder with a spray apparatus, and secures 
an aseptic, and above all, a dry pleuritis, which, in the course of two or 
three weeks, gives rise to excellent and firm adhesions. 
Pneumonitis—An acute infection, usually in the contralateral lung, 
sometimes in the remaining lobe of the operated side, is a fairly fre- 
quent cause of postoperative death. For instance, in Lilienthal’s 
series it accounted for 4 out of 16 deaths; in Shenstone’s for 3 out 
of 5 deaths; in Whittemore’s for the 1 death in his 5 cases; in my 
own series of 12 cases for 3 deaths. In a series of 11 cautery pneumec- 
tomies, several years ago, it again accounted for 3 deaths. Similar 
figures can be culled from the reports of many others, although Alex- 
ander, by adopting the head-low position, claims to have very largely 
escaped this danger. At all events, whenever sputum is profuse and 
more or less fluid, it is certain that this is one of the chief things to 
be feared. The general rule to try to empty the affected lung by 
postural drainage before operation, bears witness to this fact. So 
convineed was I in this respect that several years ago I adopted the 
suggestion made to me by Dr. Harold Griffiths, that the main bronchus 
of the infected lobe might be occluded by an inflatable balloon, car- 
ried on the end of a catheter, after the principle of Waters of Madison, 
Wisconsin, who used it, however, in the trachea for intratracheal 
anesthesia. I have used this balloon eight times, and it has prevented 
all escape of pus from the affected lobe in seven. In the other case, which 
was the first one, it was found that the balloon had been pushed too 
far down into the descending bronchus of the lower lobe so that the 
upper lobe bronchus was not occluded. Unfortunately the patient had 
also upper lobe disease, with abscesses, and the pus from this ran down 
behind the balloon and over into the right lung, causing a pneumonitis 
from which the patient died. I have, therefore, come to place a good 
deal of confidence in the balloon as a good means of avoiding this 
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particular danger. The only objection to it is that deep anesthesia 
is necessary for the introduction of the balloon, in order to avoid 
exciting the cough reflex and the untimely expulsion of the pus before 
the block can be effected. For this I now use chloroform, going on 
immediately to nitrous oxide gas. Insertion is not difficult, for the 
Coudé shape guides the tip into the desired bronchus. An x-ray film 
is taken immediately, and the depth of the penetration of the balloon 
ean be immediately adjusted if necessary. None of the 7 patients 
mentioned developed contralateral pneumonitis, although 2 died later 
of other causes. 

Shenstone prefers to use spinal anesthesia, believing that the pres- 
ervation of the cough reflex will prevent contralateral spread; but 
cough may still splash pus into other parts of the lung, and 2 of his 
5 deaths are recorded as being due to pneumonia, while a third was 
due to pneumonia, pericarditis and empyema; so that, even apart from 
a certain fear of high spinal anesthesia, which if effective has to reach 
certainly to the lower cervical cord, I feel safer with the balloon. 

Secondary Hemorrhage From the Stump.—Infeetion of the tissues 
of the stump must be common but must also be usually overcome, 
inasmuch as trouble from this source is rarely recorded. Lilienthal 
lost one patient, and it was in part responsible for the death of one of 
my own patients. It is also recorded here and there in the literature. 
I do not see how one ean avoid this danger. 

Cardiac Thrombosis.—Oceasionally one comes across a case of death 
which seems to have been caused by the gradual extension backward 
into the right heart of a clot, which has formed at the site of the ligated 
pulmonary vein. Not much can be done to prevent this. 

Meduastinitis—In the earlier reports of Sauerbruch and in Lilien- 
thal’s series, mediastinitis occupied a prominent place as a cause of 
death. One patient in my series died of mediastinitis. It is curious 
that this complication should not oceur oftener than it does. I think 
that the reason why, at that time, it apparently was more frequently 
met than seems to be the case in later reports, is that in the earlier 
operations, which were done largely by mass ligation through the 
pulmonary tissue of the stump, a much larger portion of lung tissue, 
presumably infected, was left than in the modern operation which 
aims at a more complete excision. In this lies, I think, our best way 
of avoiding this complication. 

Physiologic Disturbances—We come now to discuss the question of 
acute disturbance of the cardiac and respiratory functions. I refer 
to the general condition of flapping mediastinum and paradoxical 
respiration in the presence of a mobile mediastinum. We have learned 
how to prevent this, and for years past we have heard but little of 
this particular danger. The mediastinum must be stabilized before 
a lobectomy is done. Nature frequently does this for us by laying 
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down extensive pleural adhesions, but in the absence of these one has 
found that a preliminary pneumothorax maintained for a short period 
of even one or two weeks is sufficient to accomplish the same result ; 
besides which we have ready in case of necessity a sure means in the 
positive pressure apparatus to prevent any serious effect from this 
cause. While Shenstone favors a pneumothorax, most surgeons now 
prefer to create adhesions over the upper lobe, and Alexander makes 
this a special part of his first stage. I think we have in Bethune’s 
pleural poudrage a simpler method of accomplishing the same thing, 
and it is of advantage in that it ean be done quietly, before one 
attempts the main operation. I have found that by one or the other 
method this physiologic danger is conspicuous by its absence. 

On the other hand, I believe that there is a definite risk of serious 
strain on the heart being exerted by an unduly prolonged operation 
because of the usual posture of the patient on the operating table. 
With a pillow under the lower side of the thorax and with the arm 
and seapula brought upward and forward, the general thoracic space 
is to some extent compressed, and the rate of the heart seems to be 
quite materially increased by this cramped position. ‘In a patient 
suffering from chronic abscesses, with the possibility of myocardial 
changes, I believe that the factor just mentioned may definitely con- 
tribute toward a fatal issue from cardiac failure. Lilienthal wants 
to operate on no patient over thirty-five years of age. Is it not per- 
haps that he fears the weakened heart of the more advanced years? 
Of his 16 deaths 5 patients died of shock, and the heart may well have 
been responsible. One died of cardiorespiratory failure. This is an 
argument, as Alexander points out, against the one-stage operation, 
which may easily last an hour and a half, or even longer when adhe- 
sions are difficult, as opposed to his two-stage operation, in which he 
expects to complete each stage within thirty or forty minutes. None 
of my own patients died of this complication, even though many of 
the operations were prolonged, and 5 of the patients were over thirty- 
five years of age. 

Tension Pneumothorax.—In Sauerbruch’s earlier cases a large pro- 
portion of the patients died of tension pneumothorax from the fourth 
to the sixth day. The cause was obvious. The ligatures at the stump 
gave way, opening the bronchus partly, but not thoroughly; the chest 
was closed; air escaped into the pleura but could not escape back into 
the trachea, possibly because the opening in the bronchus was hooded 
by lung tissue. This practically never happens now because of the 
routine use of sufficient drainage. But Alexander ealls attention to 
the fact that if the small tube commonly used for closed drainage 
should become blocked by ciot, tension pneumothorax may develop 
as of old, and even cause death. He, therefore, leaves the wound open 
whenever there is no danger of mediastinal flapping, and this is one 
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argument for his two-stage technic as against the one-stage, in which 
the chest is entirely closed. Such a danger, however, must be very 
rare. We have not observed it in our eases. The fluid nature of the 
postoperative exudate in the pleura will usually prevent any clotting 
or obstruction of the drainage. 

Mistakes in Technic.—In two eases, one of my own and one of Dr. 
Bethune’s, a large vessel of the mediastinum, outside the pedicle, has 
been wounded by ineautious dissection; one on the left and one on 
the right side. In the first of these the bleeding was stopped, but 
there occurred considerable oozing after the operation, which in com- 
bination with an aspiration pneumonia caused the patient’s death on 
the third or fourth day. In the other case death occurred on the table 
from air embolism, while attempts were being made to catch the ves- 
sel. This is an accident which obviously can be avoided by more 
eareful technic. It did not occur in cutting and stripping up the 
pulmonary ligament below; it was at or above the hilum itself, and 
the injury involved one of the puimonary veins. This is the only case 
of death from air embolism in our series, and more care in dissection 
can be relied upon to prevent that. 

Medwastinal Emphysema.—tThis condition is caused presumably by 
a slipping of the cut bronchus stump back into the tissues of the hilum. 
It occurred in one of our cases, but was not fatal. It, too, belongs 
rather to the earlier period, and I think it must be expected more often 
with mass ligation than with the more complete removal, carried out 
in the Brunn and Shenstone technic. It should be combated by special 
efforts to secure permanent closure of the bronchus. In 2 eases re- 
cently I succeeded in avoiding a fistula by using phenol cauterization 
of the bronchial mucosa over a distance of nearly an inch, and then 
tying off with one chromic gut ligature and one silver wire ligature. 
I feel that I can recommend the silver wire. The various methods 
devised for closure of the bronchial stump in animals are, on the 
whole, useless for the stiffened, infected bronchi met with in human 
beings ; I prefer pure phenol to Adams and Livingstone’s silver nitrate. 

My present technic can, therefore, be summarized as one built up 
to avoid definite dangers, and it consists in perhaps four main points. 
With the one-stage operation, as developed by Brunn and Shenstone, 
I hope to avoid the danger of the flooding of the other parts of the 
lung with pus from the diseased lobe by means of the balloon. I avoid 
the dangers of total empyema and of mediastinal flapping by securing 
upper lobe adhesions with Bethune’s method of pleural poudrage. I 
try to avoid the danger of empyema by the use of the rubber tent and 
the gauze pack. I try to avoid bronchial fistula by carbolization and 
silver wire ligatures. 

As to the danger involved in accepting for operation patients of 
my third class, who are obviously poor risks, I agree with Lilienthal 
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that if the patient desires the operation after its dangers have been 
explained to him, the operation ought to be undertaken. Serious 
bilateral disease should, on the whole, be excluded, unless the patient 
is in excellent condition and it appears that the type of his infection 
is not a serious one. 

Complete extirpation of the whole of one lung for extensive sup- 
purative bronchiectasis of both lobes is quite justifiable, on the basis 
of several recent successes of this sort, two of which have been re- 
ported (Nissen and Haight). 

It remains to discuss briefly the question of a one-stage as compared 
with a two- or multiple-stage operation. With the exception of the 
remarkable results reported in a mere sentence in medical articles 
from the Brompton Hospital in London, Alexander’s figures of 3 
deaths in 18 total lobectomies (16.6 per cent) are the best yet recorded. 
In eases done by his perfected technic, with adherent upper lobe, 16 
in number, only 2 patients died, bringing the mortality percentage 
down to 12.5. Such figures naturally constitute a strong argument for 
the two-stage method. The best figures for the one-stage method, so 
far, run about 25 per cent. As one who has for several years past 
adopted the one-stage method, with the gradual addition of the safe- 
guards just described, it may be allowable to point out certain con- 
siderations which may serve at least to modify the natural conclusion 
that Alexander’s operation ought to be adopted as the standard. 


The most important measure. of safety in the Alexander operation 
would appear to be the preparation of the lower lobe visceral and 
parietal pleura against the infection which he assumes will inevitably 
ensue after the mass ligation of the pedicle at the second stage. He 
believes that the sterile traumatic inflammatory exudate, produced 
on and under the pleura, through rubbing with gauze, will serve as 
a protective barrier against this later infection, and so prevent the 
virulent phlegmonous type of pieural infection which may be com- 
plicated by mediastinitis and septicemia with fatal results. The prin- 
ciple is undoubtedly correct, but the necessity for all cases is hardly 
proved. In the one-stage operation, it is true, empyema and septicemia 
account for more deaths than was the case in Alexander’s series. It 
must be observed, however, that in the cases of strictly. moderate 
infection, say those of my second class, the empyema resulting from 
the one-stage operation is usually a mild one. In Alexander’s series 
of 12, concerning which he gives details in tabular form, insufficient 
perhaps for sure judgment, I class 7 of them as being of the milder 
type and 5 as being probably of the more septic type. Moreover, of 
the 12 there are 9 patients under twenty years of age. I am of the 
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opinion that children stand lobectomy better than adults. Only 2 of 
my series of 13 were under twenty years. In his series the upper lobe 
was not adherent in 12, while in my series in only 2 were there no 
adhesions over the undiseased lobe. I have already indicated that the 
extent of adhesions has a bearing on the severity of the infection. My 
impression, therefore (I will not say conclusion) is that the cases of 
the Alexander series were on the whole decidedly milder in type as 
regards infection and offered a better prognosis as regards general 
condition than those in my own series. All this is certainly still more 
true if one takes for comparison Lilienthal’s series. I trust this some- 
what personal comparison will be forgiven, but such comparisons are 
inevitable if one hopes to view the picture as a whole and discover a 
surer foundation for practice. 


Turning to results, I note that of the 12 cases which alone Alexander 
considers, 4 patients are cured, 4 are greatly improved, 1 is moderately 
improved, 2 are dead, and 1 was too recently operated on for the 
result to be judged. Consequently one has to accept with Alexander’s 
operation only one-third cures and one-third great improvement. I 
think that the results of one-stage lobectomy, as regards cure, are 
better than this. It can be said that the Brunn-Shenstone method of 
one-stage lobectomy allows of a decidedly more complete removal 
than does Alexander’s mass ligation, which is performed through a 
relatively small opening, and largely by the sense of touch. In the 
latter procedure there must surely be left a larger portion of lung 
than in the one-stage, and in this stump there will be the greater 
liability of persisting infection. Even small abscesses may be left. Such 
at least is the result of my experience in those cases in which the 
disease involved the lung parenchyma, right up to the point of en- 
trance of the main bronchus into the lung. I conelude, therefore, that 
in this respect, that of completeness of cure, the one-stage operation 
is preferable to the two-stage. In the case, however, of the more 
septic patients of Class 3, it is a priori likely that the two-stage 
operation guards the patient better against fatal empyema. Granula- 
tions are our best barrier against infection ; but against this advantage 
one has to set the risk of a second anesthesia, with the extra danger 
of contralateral pneumonitis. One has to set also the danger of 
empyema, developing after the first stage, and resulting from the 
mere cutting and tearing of adhesions (as happened in one of my 
patients), a complication which would darken prognosis and make 
much more difficult any subsequent operation. 

Another point which I consider is to the advantage of Shenstone’s 
one-stage operation lies in the use of the double tourniquet, the wide 
access, the facility of operating under direct vision and with perfect 
control of the cireulation. Theoretically one must be more afraid of 
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bleeding and of septic thrombosis with mass ligations than with the 
clean removal and separate ligation of each vessel, which is possible 
with the one-stage operation. 

In Alexander’s two-stage method the diseased lobe is left to necrose 
and slough off. I cannot help but feel alarmed; I can hardly think 
but that sooner or later the gangrenous lobe will give rise to toxic 
absorption or to virulent empyema or to septicemia, just as does the 
infected -retained placenta or the necrosed pancreas. That this has 
not been the case in Alexander’s series may perhaps be explained on 
the grounds given above, those of relatively mild infection and good 
general condition of the patients. 

The question of bronchial fistula deserves consideration also. It 
oceurs inevitably in the two-stage operation. In the one-stage, in 
Shenstone’s hands, it occurred only 5 times in 16 cases. While the 
fistula frequently closes spontaneously, it by no means does so regu- 
larly. Apparently, in Alexander’s series, it closed spontaneously only 
twice. In all 5 silver nitrate applications were necessary, and closure 
was long delayed. In two a muscle plastic was necessary, and in one 
Tiersch grafts. Closure was delayed in these from two and one-half 
to twenty months, and apparently in two it remained permanently 
open. Not everybody can expect such good results in this matter as 
Shenstone’s, but here again enters the question of extent and virulence 
of infection. If the infection involves the lung tissue right up to the 
hilus, so that in cutting through the stump in the one-stage operation, 
trying to leave a small lung cuff for covering, one finds small abscesses 
or much inflamed lung tissue, then fistula is almost inevitable. In two 
eases I have secured permanent closure by carbolization and silver 
wire ligature, and I anticipate in the future by this method to avoid 
more often the complication of fistula. 

As regards the dangers of physiologic upset, now that most surgeons 
endeavor to secure an adherent upper lobe as a preliminary measure, 
the two methods are about equal. 

A strong point is made of the fact that the one-stage operation takes 
at least twice as long as the two-stage, and that the extra time exposes 
the patient to a greater strain on the heart. While this is theoretically 
true, it is by no means all of the story. Modern methods of anesthesia 
and of preventing shock by intravenous infusions of salt or of blood 
suffice ordinarily to keep the patient on the right side of the danger 
line, even in prolonged operations, while in the two-stage operation 
the number of anesthesias is doubled, and each anesthesia means added 
risk of the entrance of pus into the good lung. Here again one must 
take account of the widely varying degrees of infection. The bad 
eases remain the dangerous ones by either method, and the less bad 
ones are fairly safe under either method. 
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We are still groping. Much more experience is required before we 
can make precise the operative indications for any method. The erying 
need is for the publication not of series of cases set forth in tabular 
form, but for series of cases carefully studied with full-length histories 
and all set down with the detail of a German arbeit. It is only in this 
way that we have gradually come to reasonable precision in the opera- 
tive treatment of pulmonary tuberculosis. The same method is now 
necessary for the nontuberculous infections. Such detailed report of 
my own list of cases will be published later. 








LOBECTOMY FOR BRONCHIECTASIS IN CHILDREN* 


J. V. Bonrer, M.D. 
New York, N. Y. 


OR years preventive medicine has been the ambition of the profes- 

sion, and any attainment in this direction has been of the greatest 
benefit during the years of adolescence. Next only in importance to 
preventive medicine is curative treatment, and here again childhood 
is the most appropriate time for attacking chronic, disabling diseases 
such as bronchiectasis. I do not wish to infer that all cases of bron- 
chiectasis have their genesis during childhood, but I do wish to point 
out that many more cases than statistics would indicate have their real 
beginning in early adolescence. The case histories of adults suffering 
from bronchiectasis frequently show that the symptoms have lasted 
for many years, and further investigation will, in many instances, 
trace them to childhood. 

Wall and Hoyle’ report on twenty cases of dry bronchiectasis studied 
and observed over a period of two years. Eight were children under 
thirteen years of age, and the remaining twelve were adults between 
the ages of fifteen and sixty-four years, and the history in seven of 
these points definitely to a genesis in childhood. Further, those authors 
collected thirty cases from the literature in which there were five chil- 
dren and twenty-five adults ranging in age from fourteen to sixty 
years; of the adults nine definitely dated their bronchiectasis to child- 
hood. 

Roberts and Nelson’ report ten cases of lobectomy, one a child 
thirteen years of age and nine adults; five of these definitely dated 
their early symptoms to childhood. 

To summarize, of the forty-six adult cases taken at random from 
the literature, twenty-one patients, or 45 per cent, dated the begin- 
ning of their disease to childhood. Laennee, in describing this disease, 
mentions the chronicity without marked impairment of the general 
health. And this, in some instances, is a very striking characteristic. 
Many authors report isolated cases where, with little medical atten- 
tion, the patient has lived to a ‘‘ripe old age.’’ I add one’ from my 
own observation. F. B., whose symptoms of bronchiectasis definitely 
date from childhood, died at the age of seventy-nine, not of his sup- 
purative bronchiectasis but from an automobile accident. During his 
life he had had many attacks of so-called pneumonia and had expecto- 


*Read before the Seventeenth Annual Meeting of the American Association for 
Thoracic Surgery at Boston, Maly 31, June 1 and 2, 1934. 
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rated huge quantities of malodorous mucopus, but was able to carry 
on an active business career up to the time of his accident. However, 
a member of his immediate family said to me, ‘‘No one who has not 
lived with a person suffering from bronchiectasis can realize the 
awfulness of this disease.’’ The patient himself, since he was so ac- 
customed to coughing, was not so concerned with the cough itself as 
he was with the annoyance to others. Children, of course, are fre- 
quently ostracized from society as a result of a suppurative bronchi- 
ectasis with malodorous sputum. 

Numerous authors, and among them Nobecourt,® believe that spon- 
taneous recovery not infrequently takes place, the explanation being 
that the dilatation of the bronchi eventually ceases to increase and 
that as the lung grows, the bronchi ultimately assume the normal pro- 
portions. In a young child who has a dry bronchiectasis and who is 
carefully guarded against recurrent respiratory infections, this is 
quite conceivable. In fact, one such patient among the thirty-three 
cases studied by Dr. Edith Lincoln in the Children’s Medical Chest 
Clinic at Bellevue Hospital is apparently ‘‘outgrowing’’ his bronchial 
dilatation. 

Ochsner and Nesbit* noticed considerable improvement in the de- 
gree of bronchial dilatation in one of their patients when a further 
bronchogram was taken after a two-month interval. Similar im- 
provement was found in two patients of the twenty studied by Wall 
and Hoyle.’ In one ease, a boy of six years, slight dilatation of the 
basal tubes, though definite at the first examination, had disappeared 
two years later. In the second case, a girl of thirteen years, a fairly 
well-marked degree of cylindrical dilatation at both bases had practi- 
cally disappeared in eight months. Admittedly, such instances- have 
been observed, but they must be as rare as are the cases in which the 
patients live to a ‘‘ripe old age.’’ 

Findlay and Graham? in their study of twenty-three cases in chil- 
dren state: ‘‘In our experience, the condition does not show any 
marked tendency to heal. Cases in which the history is of more than 
five years’ duration have shown, on the whole, a tendency to get 
worse. And from eases which we have seen come to postmortem 
examination, we have the greatest difficulty in understanding how re- 
covery can take place.’’ These same authors studied their patients 
from a nutritional and growth index and found that almost invariably 
they were under height and weight for their age. 

In the past, and unfortunately still too frequently, the attending 
physician is appeased with the stock phrase found in textbooks, viz. : 
‘‘The expectancy of life and fair development is good in bronchiec- 
tasis.’? With the thought that there is no immediate mortality from 
expectant treatment, and that a dry bronchiectasis may be the out- 
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come, the physician is more inclined to object to or to procrastinate 
in referring these children to surgery, especially when lobectomy 
statistics are considered. 

In Clark’s® series of forty-five cases, twenty-seven patients, or 60 
per cent, were under twenty years of age, and he found the average 
duration of life after development of the disease to be eleven and 
eight-tenths years. In Fox’s’ series of thirty-eight patients he found 
that twenty-two, or 58 per cent, died under forty years of age, and 
the duration of the disease in seventeen of these was only eleven years. 

Findlay and Graham’ in their study of twenty-three cases in children 
over a period of two years, had nine deaths; four of these, it is true, 
were the direct result of operative procedures, but five were due to 
the natural course of the disease, viz., septic bronchopneumonia, gan- 
erene of the lung, hemorrhage, or cerebral abscess. 

In consideration of the above statistics, which definitely show a 
shortening of the normal expectancy of life, together with the mor- 
bidity during their existence, is the procrastination in referring these 
patients to surgery a justifiable attitude? Admittedly, in the past the 
mortality rate for lobectomy has been high, and I believe there are 
two main reasons for this: 

First, the relatively recent introduction of thoracic operations, where 
new operative technic had to be developed and perfected, and new post- 
operative treatment had to be devised. 

Second, the fact that only the advanced cases, which had been 
treated by all the conservative methods with failure, were subjected 
to surgery, i.e., these patients had passed through the fibrotic stage. 
The diaphragm was fixed, and dense adhesions bound the lung firmly 
to the chest wall, mediastinum, and diaphragm. The freeing of these 
adhesions preliminary to lobectomy was a major procedure, and lobec- 
tomy added to this often resulted fatally. The mortality in lobectomy 
during the past two years has been much reduced, and I am convinced 
that this is due to better surgical teamwork and to the fact that pa- 
tients are referred to surgery in the earlier stages of the disease. 

In reviewing the literature for reports on lobectomy, I found but 
few case reports of children. I then sent a questionnaire to three hun- 
dred surgeons, members of the American Surgical Society and Ameri- 
can Association for Thoracic Surgery. Two hundred and thirty an- 
swers were received, and of this number only eleven surgeons reported 
having performed lobectomies on children. 

It has been a real satisfaction to have such a generous response to 
this questionnaire. Not only have these surgeons sent their ease re- 
ports, but also almost all of those who responded gave evidence of a 
real interest in this subject, and many have made helpful suggestions 
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about the technic of lobectomy. I am pleased to take this occasion to 
thank these surgeons for their generous cooperation in supplying 
these data. 

Forty-one cases, including my own, of patients ranging in age from 
two and one-half to thirteen years have been collected. The total 
mortality for this group is 34 per cent. It is recognized that this is 
too small a group from which to draw definite conclusions, but cer- 
tain facts can be deduced. Thirty-nine patients had definite operative 
lobectomies and two patients multiple stage cautery lobectomies. Six- 
teen of the thirty-nine patients were operated upon in two stages and 
five died, a mortality of 40 per cent. In twenty-three cases there was 
a one-stage operation with nine deaths, a mortality of 39 per cent. 
Alexander® performed six lobectomies, removing, in one case, the 
left lower lobe and later the upper. These were done by his spe- 
cial technic of preparing the pleura by wiping it with gauze and 
causing adhesions of parietal and visceral pleura of the lobe not to be 
removed. Of these six lobectomies, five patients recovered, a mor- 
tality of 1634 per cent. In my own group of five patients, four of 
whom had a two-stage operation and one a one-stage, four lived and 
one died. In this collected series all the patients who recovered are 
reported free of symptoms. 

Bronchial fistulas developed in nineteen of the recovered patients ; 
all of them healed spontaneously except one which was closed by a 
muscle plasty, and one of mine which will be mentioned later. 

The causes of death, as listed, were hemorrhage from pedicle, hemor- 
rhage during operation, cerebral abscess, transfusion of blood in one 
instance, and patients who were poor operative risks to start with. 
The cause of death was not given in each instance, but it is noteworthy 
that pneumonia was not mentioned, and this complication, I believe, 
is one of the chief causes of postoperative death in adults. 

With the exception of the poor risks and those patients dying of 
brain abscess, the mortality rate can be materially reduced by improved 
technic, which will be the normal outcome when the operation is per- 
formed more often. 

Two patients were operated by Bettman* by multiple stage cautery 
lobectomies, both of whom are reported cured. This is a well-recog- 
nized procedure, and in selected cases where actual surgical amputa- 
tion is impossible, it is of value. I should not use it, however, as a 
method of choice. My only experience with this method has been in 
destroying relatively small portions of peripheral lung for multiple 
small abscesses. The result has been satisfactory in every instance. 
In Case 4 of my group here reported, cautery was used as a supple- 
mentary procedure to a partial lobectomy. This patient was an ex- 
ceedingly poor operative risk because she was toxic from the lung 





*Personal communication, April, 1934. 
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THE JOURNAL SURGERY 





OF THORACIC 





suppuration. She had been given bed rest and postural and broncho- 
scopic drainage, but in spite of this she never became afebrile; her 
temperature ranged from 100° to 101° F. On January 10, 1934, her 
chest was opened; the left lower lobe was exposed and partly freed 
from dense adhesions, but the operation had to be terminated on ac- 
count of her poor general condition. Nineteen days later the lung 
was again exposed for the purpose of performing a lobectomy, but 
again her condition precluded completing the operation and a partial 
lobectomy was performed. The wound was left open, and later the 
remaining one-third of the lobe was destroyed with multiple cauteriza- 
tions, a difficult procedure. The child, who was most cooperative, be- 
came apprehensive and complained bitterly of the smell and also of 
pain, which she referred to the epigastrium. On one occasion, three 
days after cauterization, a severe hemorrhage occurred and a fatality 
was averted only by the quick action of the house surgeon. At pres- 
ent most of the bronchi have spontaneously closed, and the remaining 
ones we are keeping open on account of a moderately profuse mucoid 
discharge. The patient is entirely free from cough; the marked club- 
bing of her fingers is rapidly diminishing; and a recent bronchogram 
shows no evidence of bronchiectasis. 

Anesthesias—Of the forty-one collected cases, general anesthesia was 
used in all but one, in which spinal anesthesia supplemented with 
sodium amytal was employed. This patient recovered. Avertin with 
gas and oxygen, and ether with gas and oxygen were the anesthesias 
of choice. 

Most of my experience with bronchiectasis has been on the Chil- 
dren’s Surgical Service, Bellevue Hospital, New York. I shall en- 
deavor to tell briefly what we are doing there and what our results 
have been. 

For the past five years, Dr. Edith Lincoln has been making a special 
study of bronchiectasis in children on the Children’s Medical Service, 
Bellevue Hospital. All patients coming to the hospital are admitted 
to her clinic, where they are given a complete physical examination. 
Bronchoseopie examinations are made on all patients, and those who 
seem to derive benefit from bronchoscopic drainage are given the ad- 
vantage of this therapy. Bronchograms are made of all suspicious 
lobes. Upper respiratory infections are given serious consideration, 
and proper therapy is instituted. The usual conservative therapy, 
such as postural drainage, bed rest, and proper diet, is followed. If 
this regime results in improvement, it is continued and surgery is not 
considered. Thus far, only five patients have been given the benefits 
of lobectomy. If permission to operate could have been obtained, more 
patients would have been referred for surgery. 

During these five years, thirty-three cases have been collected and 
diagnosed as definite bronchiectasis from a much larger group which 
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was admitted for study. Of the thirty-three cases, four patients have 
died as a result of the natural progress of the disease (one of recur- 
rent pneumonia, one of brain abscess, and two of extensive bronchi- 
ectasis with a terminal pneumonia), a nonoperative mortality of 12 
per cent. 


PREOPERATIVE CARE 


When the medical work-up of these patients has been completed, they 
are referred to the surgical ward and kept in bed long enough to become 
acquainted with the surgical personnel. The postoperative coopera- 
tion is very essential, and for this reason preoperative training and 
management are necessary. They are instructed in postural drainage 
such as will be required postoperatively. All patients are kept in bed 
until they become afebrile for at least ten days. Whenever possibie, 
advantage is taken of the warmer months for the time of operation. 
At least, periods of epidemic respiratory infections are carefully avoided. 
If the patient has copious expectoration, as all of my patients have had, 
the latter part of the morning is chosen for operation. This gives the 
patient ample time to empty the bronchiectatic lung. 

Anesthesia: Two of my patients were given basal doses of avertin 
with nitrous oxide and oxygen. In the others, nitrous oxide with a 
little ether, when necessary, was administered. Both are satisfactory. 
A deep anesthesia is not required, and the cough reflex should return 
as soon as possible. In my first three cases I employed an intralaryn- 
geal tube, but I believe with Alexander*® that it hinders rather than 
helps removal of the secretions which are ever present, especially 
while manipulating a diseased lobe. 

The patient is placed on the operating table in a 15 to 20 per cent 
Trendelenburg position with the operative side uppermost. This posi- 
tion materially aids in removing the secretions and also tends to pre- 
vent cerebral air embolus. Positive pressure anesthesia is not neces- 
sary ; in fact, it often causes more bleeding; but the anesthetist should 
be able to use pressure instantly if the occasion arises. I know of no 
operation in which the anesthetist is of more importance. The casual 
anesthetist, as has been said, is the patient’s nightmare and the sur- 
geon’s purgatory. 


THE OPERATION 


I have always used the long intercostal incision introduced by Lilien- 
thal. It extends from the angle of the ribs to the costal cartilages. 
Either the sixth or seventh interspace may be used. If additional ex- 
posure is needed, one or both adjacent ribs may be divided posteriorly, 
without removing the periosteum, and allowed to telescope when rib 
spreaders are introduced. This gives an excellent exposure, is rapidly 
executed, causes no inconvenience to the patient during the operation, 
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is easily and quickly closed at the termination of the operation, and 
results in no deformity of the thoracic cage. 

In all but one of my cases the operation has been done in two stages, 
largely because in each instance except the one, very dense adhesions 
to all surrounding structures have been encountered. In Case 3 the 
upper lobe was not adherent to the chest wall. <A preliminary pneu- 
mothorax had been induced. The upper lobe was partially collapsed 
but could be inflated by slight pressure anesthesia. The upper lobe 
pleura was then painted with tincture of iodine and the lower edge 
fixed to the chest wall by interrupted sutures. The lower and middle 
lobes were freed en masse and surrounded with rubber dam. The 
chest was then closed with a ‘‘flapper’’ or valve tube introduced be- 
tween the lower ribs for drainage. All patients, therefore, at the sec- 
ond stage, which was performed ten to twelve days after the first 
stage, had an adherent upper lobe which sealed off the upper pleural 
cavity, minimizing the space of potential infection. The lower lobe 
or lobes were removed by simple ligation of the pedicle close to the 
mediastinum with amputation of the lobe. This was easily accom- 
plished and caused no shock. <A bronchial fistula usually developed 
within ten days. The elevation of the diaphragm, together with the 
expansion of the upper lobe and shift of the mediastinum, obliterated 
the space. It is surprising how rapidly and effectually a nonparalyzed 
diaphragm will ‘‘rise to the occasion.’’ In each instance, except 
Case 4, the bronchial fistula has closed spontaneously. 

Because of the thickening of the pleura, which one finds at the see- 
ond stage, the landmarks and normal structures are not easily identi- 
fied. This, together with the fact that the ascending vena cava is more 
prominent and is exposed to danger in the right chest, caused my one 
fatality. In freeing the pulmonary ligament and adhesions in this 
vicinity during the second stage operation of Case 1, I accidentally 
injured the vena cava and encountered uncontrollable bleeding, re- 
sulting in a fatality on the operating table. This led me to a review 
of the regional anatomy with the observation, as had been pointed out, 
that the vena cava in the right and the esophagus in the left chest 
are very prominent and must be especially guarded. 

One finds among the different essayists strong preferences for a 
one-stage, or a multiple stage lobectomy. Alexander* has made an 
excellent critique on this subject, and the reader is referred to his 
valuable article. 

Judging from the answers to my questionnaire, this is still an open 
question. Some who have used a one-stage operation state that in the 
future they will try the two-stage method, and vice versa. It would 
seem to me that decision should be made on the individual patient. 
An early case without adhesions, in which the patient may be pre- 
pared for operation by introducing a preliminary pneumothorax, cer- 
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tainly is ideal for a one-stage operation, following the technic de- 
scribed by Brunn.?” In such a ease, the pedicle can be closed air tight 
and further fortified by attaching it to the remaining lobe. On the 
contrary, if one is dealing with a patient having dense adhesions and 
who is, in general, a poor operative risk, certainly a two-stage opera- 
tion has a great advantage since it can be terminated at almost any 
time. I cite my Case 4 as an example. 

The technic I have followed has varied in minor details, but all 
patients had, at the time of the actual removal of the lobe, an ad- 
herent upper lobe which limited the possible infection to a small por- 
tion of the pleural cavity. In case a bronchial fistula developed in 
the first few days, it did no harm; and if infection became severe, ade- 
quate drainage was easily obtained. 

In this small series of collected cases the mortality rate proved to 
be about the same for either procedure. I believe, however, that in 
the future these patients will be referred to the surgeon at an earlier 
stage, and, that being the case, the one-stage operation will become 
the operation of choice. 


CONCLUSIONS 


1. Lobectomy during childhood is feasible. 

2. Fifty per cent of adults with bronchiectasis date the genesis of the 
disease to childhood. 

3. Operation during childhood will prevent many cases from becom- 
ing inoperable. 

4. Forty-one cases have been collected with 34 per cent mortality. 

5. I report five cases of lobectomy in children with one death. 


CASE REPORTS 


CasE 1.—C. D., a boy of eleven years, was admitted to the Children’s Surgical 
Service, Bellevue Hospital, January 6, 1930. He had had pneumonia at the age of 
six months and a second attack a year before he was admitted to Bellevue clinic. 
Two months after the second illness he developed an empyema for which he was 
operated. Six months prior to admission to Bellevue, he coughed up greenish sputum 
for the first time, and when admitted his total expectoration was 30 ounces daily. 
This cough and expectoration, together with loss of appetite and sleeplessness, were 
his chief complaints. 

Physical Examination: The child was poorly nourished. His fingers showed 
marked clubbing. There was dullness with respiratory murmurs practically absent 
on the right side of the chest posteriorly. 

Sputum Examination: Foul, purulent sputum exclusively abundant with pus. 
No tubercle bacteria or elastic tissue present; numerous cocci and bacilli. 

Fluoroscopic Examination: There was a variable area of cloudiness adjoining 
the right side of the heart. The right costophrenic sinus was cloudy but not 
obliterated. 

X-ray Examination: The right lower lobe showed a lung abscess. There was 
irregular consolidation of the lower lobe with numerous cavities and thickening of 
the pleura. Lipiodol injection showed a collection of opaque material in the right 
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base adjacent to the cardiac border. The bronchi were dilated and several small 
cavities were noted. There was parenchymal infiltration involving the right middle 
and lower lobes, 

Operation: Thoracotomy, March 3. An incision was made over the seventh 
interspace extending from the angle of the rib to the costal cartilage. The chest was 
opened through the seventh intercostal space. The lower and middle lobes were freed 
from dense adhesions which held the lobes to the diaphragm, chest wall and peri- 
cardium, and upper lobe. They were fibrotic and contained but little air. An abscess 
cavity could not be found. The lower lobes contrasted markedly with the aerated 
pink upper lobe. The lobes were then wrapped in rubber dam, and the chest was 
closed with flapper tube drainage. 

The following day the patient’s condition was fair. There was drainage of 10 
ounces of serosanguineous fluid. He was given a transfusion of 350 ¢.c. of blood. 
Improvement continued and his convalescence was uneventful. 

The second stage operation was done March 6, 1930. The former incision was 
reopened. The lower and middle lobes were found slightly adherent to the chest wall. 
There was a moderate amount of fluid in the pleural cavity. While dividing the 
pulmonary ligament and adhesions to the mediastinum, the superior vena cava was 
injured, and uncontrollable bleeding ensued, resulting in a fatality on the table. 


Case 2.—A. B., an Italian boy of nine years, was admitted to the Children’s 
Medical Service, Bellevue Hospital, December 7, 1931. His chief complaint was 
severe cough with foul expectoration. There was a history of infantile paralysis at 
the age of six months. Tonsils and adenoids had been removed at the age of two. 
He had had measles at the age of three. In 1931 pneumonia was followed by a left 
suppurative pleurisy. (It is quite probable that there was an abscess of the left 
lower lobe lung at this time.) This was followed by an acute glomerulonephritis, 
which necessitated two months’ hospitalization. 

Physical Examination: On admission to Bellevue his general condition was poor. 
He was mentally retarded. The empyema wound had healed. His cough, which had 
developed after pneumonia, was productive of foul sputum. The exact amount could 
not be determined on account of poor cooperation. Postural drainage was very 
productive. The left lung was fibrosed. The heart was displaced to the left, and the 
respiratory murmur over the left lower lobe was markedly changed. There was 
marked clubbing of the fingers. 

Bronchogram: A cylindrical bronchiectasis was demonstrated in the left lower 
lobe. 

He was given prolonged hospitalization with postural drainage. He improved 
in general health, but the cough and foul expectoration continued. 

Operation: First stage lobectomy, February 10, 1932. There were dense ad- 
hesions which bound the lower lobe to the chest wall, to the upper lobe, the peri- 
cardium, and diaphragm. The lung tissue of this lobe was bluish in color. There 
was a marked increase in density, and fibrosis of the entire lobe was confirmed. 

Procedure: <A long intercostal incision was made in the seventh interspace. A 
Lilienthal rib spreader was introduced. The lobe was freed from all adhesions by 
blunt and sharp dissection. An electrosurgical unit was available for cutting and 
coagulating purposes. The pulmonary ligament was divided between ligatures. 
A flapper drainage tube was placed in the eighth interspace, and the intercostal in- 
cision was closed in layers, using pericostal stitches to approximate the ribs. 

Convalescence from the first stage was uneventful except for rapid pulse and 
moderate fever. The patient was encouraged to cough and was given daily postural 
drainage by elevating the foot of the bed. 

The second stage operation was done February 24, 1932. The seventh rib was 
completely resected, and portions of the fifth, sixth and eighth ribs were removed to 
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give better exposure. The lobe had become atelactatic and had shrunk to about half 
its size. Numerous fresh adhesions had formed, but the line of cleavage could readily 
be found. The lobe was completely mobilized, the pedicle ligated en masse and the 
lobe removed. The cavity was loosely packed with plain gauze and the wound 
partially closed. There was no shock, and the diaphragm immediately showed marked 
elevation. 

Convalescence was quite uneventful. The cough was not so troublesome, and the 
sputum entirely disappeared. The gauze pack was removed on the fifth day and re- 
placed with one-half the previous amount. The diaphragm became more elevated. 
The cavity was kept packed in order to keep the pedicle visualized and within reach. 
On the fourteenth day the twisted black silk pedicle ligature was removed, and a 
bronchial fistula was easily demonstrated. Only a moderate amount of infection 
of the cavity resulted. 

















Fig. 1—Case 2. Median aspect of left lower lobe. The whole lobe is contracted 
and very firm. The main bronchi are dilated, have thickened walls, and can readily 
be followed to just underneaith the pleura. On section, this lobe shows numerous 
bronchi with dilated and thickened walls scattered over a grayish white cut surface 
of firm and dense granulation tissue. 


The discharge became serous. The patient was out of bed for short intervals 
when, on the thirtieth postoperative day, the temperature became elevated and the 
discharge from the fistula more profuse. A proctoscope was introduced into the sinus 
and the stoma of the fistula visualized. It was red and inflamed and seromucopus 
was being discharged. The following day a diagnosis of scarlet fever was made. 
The patient was transferred to the Willard Parker Hospital, where he passed through 
a moderately severe form of scarlet fever. 

Upon his return to Bellevue Hospital the fistula was still peeeunt. The patient 
became susceptible to nose colds, and it was interesting to note that with each upper 
respiratory infection the bronchial fistula would become more active. 

Conclusion: This patient, with his history of serious diseases, was not a good 
operative risk, yet he withstood a two-stage lobectomy. The scarlet fever complica- 
tion necessarily prolonged his convalescence. He is not perfectly well but still very 
susceptible to upper respiratory infections. 
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He was readmitted to the hospital in August, 1933, for an x-ray and physical 
check-up. The clubbing of his fingers was markedly reduced. He had no cough. 
His vital capacity was 1,419 ¢.c.; his theoretical vital capacity 1,553 ¢.c. He still 
had a bronchiectasis of the lingula of the upper lobe, but his condition was greatly 
improved, 


Case 3.—F. I., an Italian boy of seven years, was admitted to the Children’s 
Medical Service, Bellevue Hospital, October 1, 1932. He gave a history of having 
had his tonsils removed in 1928. Two days later he had developed fever, cough and 
expectoration. His cough, with malodorous sputum, continued and was his chief 
complaint on admission. 

Physical Examination: The child was poorly nourished; he had a fever, and 
raised considerable sputum. The respiratory murmur was normal except over the 
right middle lobe, which showed marked changes. The fingers showed slight clubbing. 

X-ray and Bronchoscopic Examinations: <A partially healed lung abscess sur- 
rounded by a bronchiectasis involving the right middle lobe, was demonstrated. 




















Fig. 2.—Case 3. The cut surface of the excised right middle and right lower lobes 
shows, radiating from the hilum, a fanlike arrangement of thickened and dilated 
bronchi. In the upper part of the lobe there are dilatations to be seen, giving the 
appearance of cavities. Note how little respiratory tissue is left. 


Sputum Examination: Aerobie culture showed a gram-negative bacillus and gram- 
negative small streptococcus, 

The patient was given postural drainage with bed rest, together with broncho- 
scopic drainage. The fever subsided, and the cough and sputum were reduced. He 
did not, however, regain his health, and the malodorous sputum was ever present. A 
preliminary pneumothorax was decided upon ten days before a thoracotomy, the 
object being to stabilize the mediastinum and accustom the contralateral lung to 
the increased respiration and circulation. There was a moderate degree of collapse of 
all lobes, but no local or constitutional disturbance from this procedure. 

Operation: On December 14, an exploratory thoracotomy was performed. The 
upper lobe was found partially collapsed, the middle and lower lobes slightly so. 
The middle lobe was fibrosed and definitely diseased. The lower lobe was thought 
also to be involved because of its color and increased density. 

Procedure: A long intercostal incision was made in the right sixth interspace. 
Removal of the middle and lower lobes, to be done in stages, was decided upon. The 
edge of the upper lobe was attached to the parietal pleura by interrupted chromic 
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stitches. Before the last two stitches were tied, the entire visceral and parietal 
pleura about the upper lobe was painted with iodine. Adhesions to the diaphragm 
and the upper lobe were then divided. The pulmonary ligament was ligated and 
divided. The chest wound was closed without drainage. 

Anesthesia: A basal dose of avertin, supplemented by gas and oxygen, was given 
through an intralaryngeal tube. Laryngeal and pharyngeal aspirations were fre- 
quently done during the operation. 

Convalescence was uneventful. The patient was encouraged to cough and was 
given postural drainage every four hours. 

On December 28, the second stage operation was performed. The wound was 
reopened and the seventh rib resected. The sixth and eighth ribs were divided 
posteriorly. A Lilienthal rib spreader was introduced and good exposure was secured. 
The lower and middle lobes were collapsed. They were not separated. A few 
recent adhesions had formed, which were easily divided, and the lobes mobilized. 
The pedicle was then clamped, ligated with braided silk, and the lobe removed. The 
diaphragm was markedly elevated, leaving a comparatively small cavity. This was 
lightly packed with gauze and the wound was partially closed. 

The first four postoperative days were uneventful. The pulse was fast but of 
good quality. The temperature was 104° F. There was considerable serous drain- 
age, and the cavity became moderately infected. 

On January 23, 1933, the wound was reopened and an abscess about the pedicle 
drained. Following this, convalescence was uneventful. The bronchial fistula healed 
kindly, and the patient was discharged to a convalescent home where he made rapid 
improvement. The immediate relief from expectoration following the lobectomy was 
very noticeable as well as gratifying. 

The patient was readmitted to the hospital in August, 1933, for observation, 
bronchogram and vital capacity determination. He is a normal, healthy boy with 
no operative deformity. The clubbing of his fingers has disappeared. His vital 
capacity is 1,296 ¢.c.; normal for his age and size being 1,400 e.c. He has no cough 
and is perfectly well. 


Case 4.—F. A., a girl of eleven years, was admitted to the Children’s Medical 
Service, Bellevue Hospital, November 6, 1933. Two and a half years prior to ad- 
mission the patient was operated on in another hospital for empyema, which drained 
for six months. Two weeks after the empyema wound had healed, she coughed up a 
huge amount of greenish pus. This cough, productive of 400 ¢.c. of mucopurulent 
material daily, had continued, and this, together with a constant low fever, was her 
chief complaint on admission. 

Physical Examination: The child was fairly well nourished, but had a pasty 
complexion and was anemic. Her fingers showed marked clubbing. The heart was 
retracted to the left but otherwise normal. There was dullness with many rales 
over the left lower lobe. 

X-ray Examination: Left lower lobe showed a large lung abscess surrounded 
by pneumonitis, extending to the hilus and base. The basal pleura was considerably 
thickened, but no fluid level was discerned. The eighth rib showed evidence of 
previous partial resection. Bronchogram showed large saccular bronchiectasis in- 
volving the left lower lobe. 

Operation: First stage operation was done January 10, 1934. The left lower lobe 
was found adherent to the surrounding structures. It was fibrotic and shrunken, dark 
in color, and several hard masses each 5 em. in diameter could be palpated in the 
periphery of the lobe. These were nonfluctuant and did not reveal pus on aspira- 
tion. The upper lobe was found partially adherent to the chest wall. 

Procedure: An incision extending from the angie of the rib to the costal cartilage 
was made over the seventh interspace. The pleural cavity was opened through this 
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space, but because of flattening of the chest wall the seventh rib had to be resected 
before proper exposure could be obtained. The lower lobe was then freed from its 
attachment to the upper lobe, pericardium, diaphragm and parietal pleura; but be- 
cause of the patient’s poor condition, the operation was terminated at this point. 
Vaseline gauze was placed around the freed lobe and the chest closed with a flapper 
drainage tube placed in the ninth interspace. There was a moderately severe re- 
action following this stage. 

The second stage operation was done January 29. The previous incision was re- 
opened, revealing the gauze packing somewhat displaced, thus allowing the lower 
lobe to become adherent to the diaphragm and upper lobe. These adhesions were 
very dense and could be freed only by sharp dissection. After two-thirds of the lobe 
was freed, the patient’s condition became very poor and quick termination of the 
operation was necessary. The freed portion of the lobe was tied off by chain liga- 
tures and resected. The wound was packed with plain gauze and left open, since the 
upper lobe was entirely adherent. 

Anesthesia: Gas and ether. 

















Fig. 3.—Case 4. The cut surface of this excised left lower lobe shows a system 
of cavities which are connected by strands of grayish white and dense connective tis- 
sue. The walls of the cavities are coated by a grayish white granular exudate. No 
respiratory tissue left. 


Convalescence from the second stage was uneventful. She was given a blood 
transfusion and was out of bed in two weeks. The remaining portion of the lobe 
was then destroyed by actual cautery in multiple stages. At the present time, she 
still has a few bronchial fistulas with considerable mucoid discharge. It is evident 
that they will spontaneously close. She has gained weight, has no cough, and the 
clubbing of her fingers is rapidly disappearing. In fact, she is entirely cured ex- 
cept for the bronchial fistulas. Her vital capacity is 1405, and her estimated normal 
should be 1515. 


Case 5.—H. S., an Italian girl of eleven years, was admitted to the Children’s 
Medical Service, Bellevue Hospital, November 22, 1933. Her chief complaint was 
cough with expectoration of three ounces of foul sputum daily. There was a history 
of many attacks of bronchitis during infancy. Since the age of six years she had 
had a productive cough with many acute exacerbations, but there was no history 
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of night sweats, loss of weight, or fever. For two years prior to admission, she 
was a patient in the Seaview Hospital (a tuberculosis institution) for her lung con- 
dition. 

Physical Examination: The child was well nourished but somewhat under size. 
There was very slight clubbing of the fingers. Cyanosis and dyspnea were not pres- 
ent. The heart was retracted to the left but otherwise normal. The right chest was 
normal, but the percussion note in the left was impaired over the entire chest both 
anteriorly and posteriorly. Many rales were heard over the entire left chest, more 
marked, however, over the left lower lobe. Repeated concentration tests of sputum 
were negative for acid-fast organisms. 

Bronchoscopic Examination: A profuse purulent discharge was observed coming 
from the left lower lobe bronchus. Later examination also revealed a discharge of 
pus coming from both upper and lower bronchi. Lipiodol injection revealed a 
saccular bronchiectasis of the lower lobe with an involvement of the upper lobe as 
well. 

















Fig. 4.—Case 5. The excised left lower lobe is of a deep bluish red color and 
rather firm. The cut surface of the lobe shows a system of dilated bronchi with very 
thick and granular walls. The interlaying lung tissue shows fine strands of grayish 
white fibrous tissue. 


X-ray Examination: Extensive cystic changes of the left lower lobe with fibrosis 
were shown. The mediastinum and the heart were retracted to the left. 

Operation: April 30, 1934. The visceral and parietal pleura of the entire lung 
were adherent. The lower lobe was firmly adherent to the diaphragm, the medi- 
astinum, and the pericardium, The interlobar fissure was easily located. It was com- 
plete but there were adhesions throughout. 

Procedure: A long incision was made over the seventh intercostal space, and after 
complete hemostasis of the soft parts the chest was opened through this space. The 
interlobar fissure presented under the incision. The adhesions were divided by 
blunt and sharp dissection, and all bleeding points were ligated. The pulmonary 
ligament was divided between ligatures. The lower lobe was completely freed, the 
pedicle ligated with braided silk ligature, and the lobe amputated. The wound was 
then closed by placing chromic pericostal stitches to approximate the ribs. The mus- 
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cles were approximated in layers, the subcutaneous tissue was closed with a running 
stitch, but the skin itself was not closed. Flapper tube drainage was instituted in 
the ninth interspace. 

Anesthesia: Gas and ether. 
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DISCUSSION ON: ‘‘A CONSIDERATION OF THE DANGERS OF LOBECTOMY, ’”” 
BY DR. ARCHIBALD; AND ‘*‘ LOBECTOMY FOR BRONCHIECTASIS IN CHILDREN,”’ 
BY DR. BOHRER. 

DR. GRAHAM.—Needless to say, I have enjoyed these papers very much, I 


think one of the greatest examples of progress in thoracic surgery is going to be 
of the sort which has been discussed in these papers, not only with reference to 
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bronchiectasis but also with reference to carcinoma, I think, after all, these two 
conditions constitute perhaps our major problems at present. 


I wish to correct an impression which 1 am afraid Dr. Archibald has left with 
you, that is, that I favor the operation which I termed ‘‘cautery-pneumectomy’’ or 
‘‘cautery-pneumonectomy.’’ I feel that that operation is one which still has a place 
for those cases of bronchiectasis which are associated with multiple lung abscesses. 
Now, I do not feel that that operation, however, is suitable for the cases which 
would come under the eategory of Group 1, as Dr. Archibald described, nor perhaps 
even Group 2. Indeed, Dr. Archibald may be pleased to hear me say that I have 
gone back to lobectomy in the sort of cases in which I think he considers Group 1 
and Group 2 to be. 

I still favor, however, the operation of cautery-pneumonectomy for the cases 
that he regards as Group 3. As a matter of fact, I have performed 76 such opera- 
tions, most of which represent, I believe, the most extreme and the most dangerous 
type of case for lobectomy. These have been done with an operative mortality 
under 15 per cent, and over 70 per cent of the patients have been returned to work 
entirely free from symptoms, 

On the other hand, as a result of renewed interest in lobectomy, I have gone back 
to lobectomy in the less severe types of bronchiectasis, that is to say, that type 
which is not associated with multiple lung abscesses as nearly as can be demonstrated, 
the type which there is some reason to think may be of congenital origin or at least 
originating in early childhood, the type which I think Dr. Bohrer probably had in 
mind, and I have become extremely well pleased with the improvements. which have 
occurred in the technic of lobectomy for these cases. 

For example, I have had seven successive cases of lobectomy for bronchiectasis 
of this sort with one death, and the one death was in a case of bilateral bronchiec- 
tasis in which I removed the worse of the two lower lobes. The patient died three 
weeks later with an extensive suppurative pneumonitis of the other lung, owing, 1 
think, to an impaired ability to cough up the secretions from the other lung, in 
spite of the fact that postural drainage was used frequently during the postoperative 
course. 

I should like to say a word or two in regard to Dr. Archibald’s technic. It seems 
to me that he has pretty well covered the essential points which have been brought 
out concerning the improvement in technic of lobectomy. I feel, however, that the 
major point is the necessity of having the pleural cavity obliterated. That is to 
say, if the bronchiectasis is in the lower lobe, as it practically always is, the upper 
lobe should be adherent before the lobectomy is performed. That does not mean 
that one cannot often satisfactorily perform a lobectomy in cases in which the up- 
per lobe is not adherent, but it seems to me all the evidence points very strongly 
to the fact that the mortality will be very much lower if in such cases the upper lobe 
is adherent. 

In 1923 I published a paper on this subject in which [ stated that I thought the 
secret of the success of the operation of lobectomy for bronchiectasis would lie in 
the satisfactory method for promoting adhesions between a nonadherent upper lobe 
and the chest wall. Various procedures which [ tried to carry out for promoting 
those adhesions were not satisfactory; therefore I abandoned the operation, as Dr. 
Archibald states, for a number of years; but, when Dr. Alexander proposed his 
method of creating adhesions between the upper lobe and the chest wall, I enthusi- 
astically undertook it and I have found it satisfactory. The principal objection 
to it is that the technical difficulties are often increased by the excessive fixation 
of the lung to the chest wall and the obliteration of the interlobar fissure which 
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may result. Instead, however, of permitting the lobe to slough out I prefer to 
remove it at the same time that the structures in the hilus are ligated. 

In regard to the question of secretions, it has never been easy for me to under- 
stand why secretions may get into the other lung during the operation and cause 
damage when one would imagine that this must take place quite often in the 
ordinary course of events, while the patient is going around without any operation. 
I.find it difficult to imagine that secretions do not get into the other lung, for in- 
stance, during ordinary, normal sleep. One might say perhaps that in such cases, and 
under such conditions, the cough reflex is not abolished and if secretions got into 
the other lung, they might be coughed up. But such patients are able to sleep often- 
times for several hours at a time without having any coughing. I am not entirely 
convinced, therefore, that it is necessary to block the other bronchus to keep secre- 
tions out of it during the course of the operation. I am perfectly willing to change 
my mind on that when more convincing evidence is produced. I do feel, however, 
that it is desirable to get rid of secretions which may be squeezed out in excessive 
amounts during the operation by the manipulation of the lung. I, therefore, have 
always preferred to perform the operation of lobectomy with the patient in the 
Trendelenburg position in order to permit gravity flow, such as may take place 
under ordinary circumstances, but I also prefer to have these operations performed 
under intratracheal anesthesia, not so much for the purpose of administering the an- 
esthesia into the trachea but for the opportunity which it presents for aspirating 
the secretions during the entire time the operation is in progress. 

Ordinarily, our procedure is to have the patient empty himself by posture im- 
mediately before the operation. But during the course of a half-hour operation, 
we sometimes find that in spite of the fact that the patient has supposedly emptied 
himself before the operation begins, we are able to remove by suction perhaps as 
much as 50 ¢.e. of pus from the tracheobronchial tree during the operation. 

I feel, also, that the question of empyema, if the cavity is a small one, as will 
be the ease if the upper lobe is adherent, is of no consequence. I have never found 
a postoperative empyema after lobectomy to be of any serious consequence at all.* 


DR. LILIENTHAL.—The cerebral complications referred to by Dr. Bohrer 
should not be considered as strictly postopcrative because we know that these may 
occur in suppuration of the lung even though no operation has been performed. 

As to drainage, my preference has been for the use of the flapping finger cot 
drain instead of the subaqueous, because the flapping rubber valve acts more sud- 
denly and completely on inspiratory efforts than does the underwater method of 
drainage. A soft thin rubber finger cot should be used—not a glove finger because 
this as a rule is too rigid. 

Dr. Archibald reports operations upon the lower lobe. I have done a number of 
upper lobe resections, and in one of my cases there was a permanent aseptic pneumo- 
thorax. This case was followed up for several years after the operation, and the 
patient was apparently perfectly well, being able to perform any of the usual 
athletic exercises, She also passed through a severe illness of typhoid fever without 
complications on account of her lobectomy. 

Phrenic nerve interruption, either before lower lobectomy or coincident with it, 
if the nerve can be seen upon the pericardium, will decrease the size of the post- 
operative lower thoracic cavity and tends to prevent the occurrence of empyema. 
I prefer that the upper lobe should be fixed to the chest wall at an operation previous 
to the lobectomy. 

*Since returning to St. Louis after the meeting, I have performed several more 
lobectomies by a one-stage method without adhesions and have found the method 


satisfactory. ‘The combined experience of the world, however, is probably not yet 
great enough to make certain what method will ensure the lowest mortality. 
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Dr. Archibald spoke of plugging the bronchus with a balloon. I think this is in- 
teresting but would call attention to the danger of air inflation of such a balloon. 
I prefer liquid so that in the event of rupture there would be no sudden expansion of 
air with the danger of cerebral embolism. 


I note a paper to read ‘‘by title’’ from the pen of Dr. Maurice Berck of Dr. 
Neuhof’s clinic at Mount Sinai Hospital. I hope that Dr. Berck may be permitted 
to say something on the subject because of its importance. It refers to x-ray 
treatment for bronchiectasis, either to avoid operation or to lessen the amount of 
discharge so that subsequent lobectomy may be safer. 

I am not a believer in standardization in thoracic surgery except perhaps in 
its broader principles. It is the skill, experience, and logic of the operator which 
counts. 


DR. BUTLER.—Multiple stage lobectomy, in my opinion, is safer for the patient ; 
therefore, especially in the presence of suppurative disease, my preference is de- 
cidedly in favor of the two- or more stage operation. In lower lobe lobectomy, 
‘ryhenever possible, I follow the technic of John Alexander with two minor excep- 
tions. The skin muscle flap, in accordance with a suggestion made by Dr. Willy 
Meyer, is hinged posteriorly instead of superiorly. The lobe is amputated just as 
soon as the mass ligatures have been applied, thereby assuring a better control 
over hemorrhage. In some of my cases there has been failure of the upper lobe to 
adhere firmly to the mediastinal pleura, as has been mentioned by Dr. Graham. 
Happily this has occasioned no fatal complication. In every successful case the 
bronchial fistula has spontaneously closed at a reasonably early date. In no ease 
has empyema or wound infection been a factor of consequence. 


MR. A. TUDOR EDWARDS (Lonpon, ENGLAND).—I should like to put in one 
word in favor of the one-stage procedure. At our hospital in London, all the 
surgeons are practicing this particular operation. There are certain preoperative 
preparations which certain of us, at any rate, think valuable. 

Dr. Archibald suggested that most of the cases were not of a septic type. 
Obviously these cases varied in the degree of severity. Some are of a very septic 
nature; other patients are in a somewhat earlier stage in which, perhaps, the ex- 
pectoration is not the chief factor but in which hemoptysis is the chief indication 
for operation, 

It is important to raise the resistance of the patient as far as possible before 
operation is undertaken. For this reason I believe it is a good thing to prepare 
a vaccine from the sputum of the patient, and it has been my custom to give three 
doses of this autogenous vaccine at weekly intervals before operation. 

In every case, where possible, an artificial pneumothorax has been carried out 
about ten days before the operation. This likewise tends to limit, temporarily, the 
retention of pus in the lung, when it can be induced, and also gives some indication 
of the condition of affairs in the thorax. Furthermore, apart from carrying out 
general postural drainage, the patient is placed for an hour before operation in the 
actual position which will be adopted during that procedure. Lastly, all these 
operations have been carried out with a large intratracheal tube with a catheter 
passed down into the bronchus of the affected side through which aspiration is 
carried out at intervals during the operation itself. The one-stage procedure is 
done, as I have said, where possible. At the end of the operation I consider there 
are two factors which are important in the one-stage procedure with a free pleura; 
first, to see that the stump is absolutely air tight and, second, to get as much 
expansion as possible of the remaining lobe at the end of the operation. Therefore, 
all the air is aspirated from the chest with a pneumothorax machine to induce the 
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lobe to come up to the chest wall and become adherent. Moreover it is essential dur- 
ing the operation to pack off the pleural cavity, using packings of gauze soaked in 
flavine solution. 

Forty-eight patients with bronchiectasis have been operated upon by the so-called 
‘fone-stage’’ procedure; although in one case, owing to extremely dense adhesions, 
the procedure had to be stopped and the lobectomy completed one week later. 


In this series there were four early deaths and three late ones. Two of the early 
deaths resulted from shock; one patient died of suppurative pneumonia on the op- 
posite side on the fourth day, and one of reactionary hemorrhage from the raw 
area left by separation of adhesions on the chest wall and which was, unfortunately, 
not recognized sufficiently early. Of the three late deaths, one resulted from cerebral 
abscess one month after operation. The second occurred three months after opera- 
tion from a spontaneous pneumothorax secondary to tuberculosis of the opposite 
lung, but this patient still had an empyema cavity on the affected side. The last 
was a patient with bilateral bronchiectasis from a secondarily infected effusion 
associated with tuberculosis of the opposite side, again with a residual empyema on 
the operated side. In this patient we had intended to do a bilateral lobectomy. 


DR. TUCKER.—The accumulation of secretion in the tracheobronchial tree post- 
operatively can be prevented by placing a urethral catheter, size 12 to 16 F., through 
the nasopharynx into the larynx and trachea, A catheter in this position will inter- 
fere very little with swallowing and will not impair the functions of the larynx, and 
may be left in position for several days to a week during the period when the pa- 
tient will have most difficulty in getting rid of secretions from the tracheobronchial 
tree. Suction can be applied intermittently and the airway kept free of obstruc- 
tive secretions, and postoperative complications from this cause prevented. An 
instrument has been devised for use with a laryngeal mirror by which the catheter 
ean readily be passed into the larynx from the nasopharynx. 


DR. CHURCHILL.—It seems to me that we shall strike a middle ground be- 
tween one-stage procedures and two-stage procedures. I believe there are certain 
cases in which the one-stage procedure is essential or advisable, and there are others 
in which to my mind two-stage procedure is preferable. My own cases are divided 
fifty-fifty between the two types of operations. 

The chief virtue of the two-stage procedure is to limit the infection to a small 
portion of the pleural cavity. If the lobe is imbedded in adhesions and there are 
no other reasons calling for a two-stage procedure, a one-stage operation is in- 
dicated. I feel that a two-stage procedure, at least in my experience, is followed 
by an easier and less septic convalescence than 2 one-stage operation in the pres- 
ence of a free pleural cavity. 

I do suggest one modification of Dr. Alexander’s technic, and that is to allow a 
longer interval to elapse between the two stages. After cutting the dense inflam- 
matory adhesions and dividing the pulmonary ligament at the first stage, I try to 
get the patient out of the hospital and wait two or three months. This allows him 
to approach the second stage in even better condition than he was at the first stage. 

I have frequently observed a great reduction in the amount of sputum brought 
about by the first stage itself. One patient reduced the sputum from two cups to a 
half cup a day. In another case it was reduced from a half cup to nothing. Freeing 
the lobe from the costophrenic sulcus and allowing it to retract toward the hilum 
probably brings about the considerable reduction in the sputum. 
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I should adopt with some hesitancy any method that produces pleural adhesions 
without an open thoracotomy. It is essential to determine the condition of the lingula 
of the upper lobe on the left and the middle lobe on the right. Both areas are 
notoriously difficult to assay with lipiodol injection. 

There are certain types of cases with a free pleural cavity in which a one-stage 
procedure seems imperative, such as cases with severe hemoptysis in which an in- 
terval between hemorrhages is chosen for the operation. Again, if an opening is 
made into infected lung, the operation should be completed at the time. 


DR. MAURICE BERCK.—I want to thank you very much for the privilege of 
reporting my work before this Society. This work was started approximately two 
years ago, and a report of the results can now be given, 

Briefly, two varieties of bronchiectasis have been observed and treated. One type 
is the familiar straightforward lower lobe type with profuse mucopurulent putre- 
factive sputum, clubbing of the fingers, recurrent attacks of pneumonitis and definite 
bronchographie evidences of bronchiectasis of one or more lobes. The other type is 
that variety of bronchiectasis contiguous to a chronic anaerobic lung abscess. In 
this second variety pneumonotomy has been done for the chronie abscess and the 
patient left with permanent bronchial fistulas. In this type the chronic abscess 
has been adequately drained and unroofed, but profuse odorous mucopurulent sputum 
as well as drainage from the bronchial fistulas is present arising from the bronchiec- 
tases contiguous to the site of pneumonotomy for the chronic anaerobie lung ab- 
scess. 

A good part of the profuse expectoration in both these varieties of bronchiectasis 
is mucoid in character. It occurred to me that large doses of radiotherapy might 
affect the secreting mucous membrane of the ectatic bronchial tree in a manner 
similar to which radiotherapy affects the salivary glands in diminishing muco- 
salivary secretion. Also radiotherapy*might have a definite effect of resolution upon 
the unresolved chronic pneumonitis present in the bronchiectatic field. 

Accordingly, Dr. William Harris, director of radiotherapy at Mount Sinai Hospi- 
tal, has so treated about 25 cases, Approximately 20 of these cases are the type of 
bronchiectasis contiguous to an operatively drained chronic anaerobic lung abscess 
which present a profuse, odorous mucopurulent expectoration (as high as 20 ounces) 
and bronchial fistulas from which there is a profuse discharge of the same niaterial. 
The other cases are the familiar lower lobe type of bronchiectasis with daily expec- 
toration as high as 12 ounces of putrefactive mucopurulent sputum. 

The technic of radiotherapy as now employed is as follows: Three fields, anterior, 
lateral, and posterior, are used, thus cross-firing the entire affected lung area. A 
total of 1,200 international roentgen units is given to each field. Treatments are 
given every three days over a period of two to three months. We have not com- 
pletely standardized the technic as yet and have modified it slightly from time to 
time. 

Briefly the results may be summarized as follows: Expectoration has been re- 
duced from 1 to 2 ounces of nonodorous sputum with great diminution or abolition 
of cough. Drainage in those patients presenting bronchial fistulas has been remark- 
ably diminished, amounting in some cases to practical cessation of, discharge and 
the presentation of clean dry fistulas. In two patients with straightforward lower 
lobe bronchiectasis (not secondary to chronic lung abscess) who had histories of 
two years and thirty-one years, respectively, and who respectively expectorated 10 
and 14 ounces of putrefactive mucopurulent sputum daily, radiotherapy has re- 
sulted in abolition of all cough during the day and the present expectoration of 
one to two ounces of nonodorous sputum in the morning on arising. My first patient 
in this series (bronchiectasis secondary to chronic lung abscess) who had a profuse 
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drainage from several bronchial fistulas and an expectoration of 20 ounces daily 
of odorous mucopurulent sputum, has now been followed one and one-half years 
since cessation of radiotherapy. He is still free from cough and expectoration apart 
from approximately one ounce of nonodorous mucoid sputum in the morning and the 
fistulas remain practically dry. 

I want to sound a note of caution concerning the treatment. Because of the 
large dosage and the necessity of protection of the skin, the treatment should be 


given only by a competent radiotherapeutist. 


DR. HAROLD BRUNN.—During the last few years the operation of lobectomy 
has interested more and more the members of the thoracie group. 

I had the pleasure of reading a paper before this Society in 1928 on the subject 
of the ‘‘Surgical Principles Underlying One-Stage Lobectomy,’’ and again in 1932 
I presented a paper before the Clinical Congress of the American College of Surgeons 
on ‘The Technic of Lobectomy in One Stage.’’ In these papers I enunciated cer- 
tain principles which I felt were necessary for success, and among them I men- 
tioned that when one was able to carry out the procedure as indicated convalescence 
was fraught with no more shock or difficulty than any ordinary surgical procedure. 
Naturally, however, depending upon the severity of the case, the amount of sepsis, 
the difficulty in freeing the lung and other factors, it was an operation always 
fraught with some anxiety. 

Shenstone and Janes of Toronto have suggested the only improvement that I am 
cognizant of, in that they use as a pedicle clamp a snare made of heavy cord. Since 
my first operations I have used a rubber ligature clamp with three hemostats which 
has been satisfactory, and in lieu of a special instrument works very well. There is, 
however, a sense of security with the snare. In my later cases I have not clamped 
the lung beyond the first ligature at the root of the lung. This gives more freedom 
in making a very long flap of visceral pleura and makes a deep wedge at the root 
of the lung toward the ligature; the last stitch therefore is able to fold in the 
pleura on itself, preventing leakage of air through the bronchus. 

In my opinion it is not necessary to have a short pedicle as long as the bronchus 
is cut out or cauterized deeply. The excess pedicle atrophies and shrivels up and 
is much easier to work with. 

Some operators close the chest without drainage; but I can see no particular ad- 
vantage in this, since it simplifies the convalescence to have a catheter between the 
interspace, and its presence has not seemed to produce infection. 

As stated before, the fluid collecting in the pleural cavity after lobectomy is usu- 
ally clear or slightly blood tinged for a period of ten to twelve days, at which time 
the pedicle sloughs, producing a mild empyema. We have found in several cases that 
fluid collects in the upper part of the chest and has been something of an annoy- 
ance. It would seem that the lower part of the upper lobe expands and walls off 
the chest into two compartments, the fluid in the lower part of the chest being 
different from that in the upper. The latter has had to be drawn off by aspiration 
and has never become infected. To avoid this we now have on occasions inserted 
our drainage tube not to the stump but along the chest wall almost to the apex. 
We have found in certain cases a puddling of lipiodol in the stump of the bronchus 
where it has been severed. In one case this was treated through the bronchoscope 
using Corony’s solution, as modified by Cutler, to destroy the mucous membrane. 
Twenty-five per cent acriflavine solution may be used equally well and is probably 
less irritating. 

Before closing, may I say a word as to the question of adhesions. Recently we 
have had two eases in which a previous empyema, years before, brought about very 
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mild adhesions of the entire lung to the chest cage. These cases were very easy to 
handle and simplified the operation a great deal. Recovery was practically without 
shock and healing was very rapid. The upper lobes were adherent, and only a small 
pocket was left where the lower lobe was removed. If such adhesions could be 
brought about primarily before operation, it might be of great advantage. On the 
other hand where adhesions are very dense and one is liable to tear into the lung, 
the operation is prolonged, shock is increased, and air embolism is much more likely 
to occur with a fatal issue. In such cases probably a two-stage operation or cautery 
pneumonectomy might be the operation of choice. 

I am sure that more and more the one-stage operation will be done in suitable 
eases. Always, however, judgment will be required in this matter, and it is es- 
sential that patients be well prepared before the one-stage lobectomy is undertaken. 


DR. BOHRER.—I have always used the flapper tube that Dr. Lilienthal men- 
tioned and have found that it is entirely satisfactory and somewhat simpler than 
connecting a long tube to a water bottle for air-tight drainage. 

I believe that the use of the intralaryngeal catheter during the operation is un- 
necessary. I used it in the first few cases, but it seemed to me that the presence 
of the foreign body in the larynx tended to dam back the secretion rather than to 
facilitate its flow. As a result the posterior pharynx has been aspirated, and we have 
found this satisfactory. 


DR. ARCHIBALD.—This discussion has been particularly welcome to me as in- 
dicating that people who are interested in this subject are apparently making more 
and more of a precise and detailed study of it—a study which differentiates between 
types of infection. I look forward, in publications on this subject, to very complete 
reports of a few cases rather than to statistics of a large number of cases. We 
have need at present of the German type of article, with its fullness of detail, be- 
cause only with such fullness can we build up that solid and precise knowledge which 
forms the foundation of judgment when we have to consider either particular cases 
of our own or cases reported on by others, 

Now, my plea for division into three classes is only an attempt at greater pre- 
cision. Divide them into ten classes, if you like, as far as that goes, but in any case 
let us differentiate more and lump together less. 

I regret that I gave the wrong impression to the audience concerning Dr. Gra- 
ham’s cautery-pneumectomy. Such mistaken impressions are almost inevitable 
when one speaks extemporaneously in discussion. Still, it is just as well, perhaps, 
in that it brought him on the floor. I can say that I fully agree with practically 
everything that he said. I am lately very much inclined, for the type of very bad 
septic cases, to go back to his cautery-pneumectomy in spite of the fact that these 
are the cases which naturally give the highest mortality. I have, for instance, seen 
a patient of that type die after the removal of no more than two ribs, and before 
the lung was even touched. Any interference with the respiratory function in these 
patients throws them off balance, and that balance is not only a physiologic one but 
it is also immunologic. Nevertheless, the operation does represent a much less serious 
interference than, let us say, a one-stage lobectomy. 

I want to say something about the Alexander two-stage method. It always 
seemed to me that the cardinal points in his two-stage method were these: that 
at the first stage he aimed to provide two factors of safety: first, that of making 
the upper lobe adherent; and, second, that of preparing a bed of granulations 
around the lobe which he was going to remove. He counted, therefore, on pre- 
venting a physiologic upset of respiration, total empyema, and finally local septic 
absorption, because, as we all know, granulations are the best barrier against in- 
fection. 








376 THE JOURNAL OF THORACIC SURGERY 


To my mind, the upper lobe adhesions can better be accomplished by Dr. Bethune’s 
‘*poudrage’’ method. I am sorry that Dr. Bethune has not had an opportunity 
to deseribe that method at this meeting. It is better because it spares one stage. 
The only remaining advantage of Alexander’s method is the preparation of the lower 
pleura for the later lobectomy by leaving an interval in which granulations may form. 
In that sense, I think he is right, and in that sense alone do I admit in principle 
the value of the two-stage operation for the bad septic cases, I have definitely 
lost (using the one-stage method) two patients from severe local empyema. One 
died of an anaerobic infection with wound gangrene, the sort of infection which can- 
not by any means be prevented; the other might very possibly have been saved by a 
previously formed bed of granulations. 

I, therefore, feel inclined to adopt either cautery-pneumectomy or Alexander’s 
two-stage lobectomy for the bad septic cases, but preferably the latter, for in such 
you will usually find that the hilar tissues are infected, as well as the parenchyma, 
even around the stem bronchus at the point at which you are going to cut it across. 
A cautery-pneumectomy may be expected to leave some remaining infection in the 
stump. Therefore, in such cases (which may be recognized by lipiodol) cautery- 
pneumectomy is unsuitable, because one is afraid of going high with the cautery 
for fear of wounding the hilar vessels. The two-stage lobectomy would appear to 
be more radical and no more dangerous. For patients who are in good general con- 
dition, I still consider the one-stage procedure the best. If we could devise a safe 
method for preventing or rendering relatively harmless the expected local empyema, 
it would also be the best even for the bad septie cases, because it is undoubtedly 
the ideal method from the point of view of technic, and spares the patient the 


danger of a second anesthesia. 








VASCULAR CHANGES IN EXPERIMENTAL ATELECTASIS: 
MORPHOLOGICAL, PHYSIOLOGICAL AND BIOCHEMICAL*t 


W. E. Apams, M.D., L. Hrpina, anp L. E. Dostau, M.D. 
CurcaGo, Inu. 


OLUME flow of blood in a normal lung and its variation under 

abnormal degrees of inflation have held the interest and attention 
of investigators in this field since the middle of the nineteenth century. 
Despite the fact that extensive studies have been carried out by a large 
number of investigators, no definite uniform conclusion has been agreed 
upon. Two diametrically opposed views have continued to be upheld 
by different workers. Cloetta,’ Sauerbruch,? Poissueille,* Sackur,* 
Nissen,® and others have maintained that an inerease of blood flow 
is found in a collapsed or atelectatic lung. On the other hand, Bruns,® 
Brauer,’ Andrus,* Fine and Drinker,® and more recently Moore,'® 
Coryllos and Birnbaum™ and others believe that there is a definite 
decrease in the amount of circulation of blood in a collapsed or atelee- 
tatic lung. Most of the investigative work having to do with this 
problem has been carried out on animals in which the changes in the 
condition of the lung have been more or less acute, that is, changes 
existing for only a few hours or days. 

It is not the purpose of this paper to discuss the merits of the 
diametrically opposed theories regarding variation in volume flow of 
blood in a collapsed lung as compared to the normal, or to review the 
many reports of investigative work on this subject. This has been 
well accomplished in the very complete report by Coryllos and Birn- 
baum.'! From their experimental investigations these authors con- 
eluded that ‘‘cireulation and ventilation of the lung are parallel 
functions; where ventilation is impaired circulation is decreased, and 


’> In the atelectatic lung the circulation was found to be 


conversely. 
progressively impaired. This impairment was due to collapse of the 
alveoli and not to capillary thrombosis or capillary compression by 
alveolar exudate. 

The following experiments furnished a means for investigating the 
vascularity of the atelectatic lung from morphological, bidchemical, and 
physiological aspects. They lend evidence to the theory of decreased 
circulation in an atelectatic lung and its variation under abnormal 

*From the Department of Surgery, The University of Chicago. 

7This work was done in part under a grant from the Douglas Smith Foundation. 

Read before the Seventeenth Annual Meeting of the American Association for 
Thoracic Surgery at Boston, May 31, June 1, 2, 1934. 
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conditions. They also suggest a reason for the expounding of the 
theory of increased circulation in an atelectatic lung. 

The first group of experiments deal with the vascular changes oc- 
curring in an atelectatic lung at various intervals in its duration, from 
a few days to over a year and half, as determined by microscopic and 
macroscopic examination. The investigation was prompted by the 
finding of markedly dilated spaces filled with blood in a microscopic 
section of an atelectatic lung of nine months’ duration.’? The blood 
appeared to be of the same composition as that found normally in 
the blood stream. About the same ratio of white and red cells was 
present, and the cells appeared to be normal. The walls of the alveoli, 
however, could not be clearly made out. In some regions only a thin 
membrane-like partition was noted between two or more normally 








Fig. 1.—Atelectatic tissue of two weeks’ duration. The alveolar cells are very 
poorly outlined but are those with the dark staining nuclei. Intermingled with these 
cells much blood is found (light staining cells). This blood is contained in the capil- 
laries which have become very tortuous and closely approximated with the production 
of massive atelectasis. 


appearing endothelial cells. No blood pigment was apparent. There- 
fore it was concluded that normal blood was flowing through alveolar 
spaces connected with the lesser circulation. 


EXPERIMENTAL 


In forty-five dogs massive atelectasis of either one lobe or one lung 
was produced by completely occluding the bronchus to that, lobe or 
lung by the nitrate of silver technic.** By this method massive ate- 
lectasis is produced within a few hours after complete occlusion of 
the bronchial lumen. The animals were sacrificed at intervals of a 
few days’ to one and a half years’ duration. In the animals sacrificed 
a few days following production of massive atelectasis the capillaries 
were dilated and tortuous. Other changes present in these sections 
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were those ordinarily noted in massive atelectasis, such as complete 
collapse of the alveolar spaces with apposition of their walls to such 
an extent that the cell outlines could be made out very indistinetly. 
The small bronchioles were found to be completely collapsed and air- 
less, whereas larger bronchi were dilated and filled with mueus. Dur- 
ing the first four weeks very little change was noted from the one 
just described with the exception that there was a gradually increas- 
ing fibrous tissue proliferation. (Fig. 1.) However, by the end of 
two months, spaces were found which were filled with apparently 
normal blood. These spaces were few in number and were found 











V2 B. 

Fig. 2.—Dog 400 C. A, Atelectatic tissue of eleven months’ duration. Note large 
blood-filled spaces. Considerable anthracotic pigment is present in the walls between 
the spaces. 

B, High power of A showing alveolar walls between spaces filled with blood. 


sometimes near the periphery of the lung !obe, while at other times 
they were just outside a large bronchus. There also appear to be a 
definite decrease in the number of dilated and tortuous capillaries. 
No new changes were noted at this time. The number and size of 
the dilated spaces gradually increased, and by the end of. six months 
they were present in large areas of the lung. At this time they were 
as large as two or three normal alveoli. The change was more marked 
toward the periphery of the lung but also was quite pronounced sur- 
rounding the larger bronchi. The partitions between these dilated 
spaces were very thin, many times consisting of only a thin structure- 
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less membrane and in other places of degenerating epithelial cells. 
No dilated, tortuous capillaries were noted between spaces; however 
a small number persisted in other parts of the section. No blood 
pigment was demonstrable. During the period from six months to 
one and a half years there was further formation of dilated spaces 
but in greatly varying amounts. Some animals presented no more 
change at the end of one and a half years than others at nine months. 
At no time was there found a complete replacement of the collapsed 
alveoli by the blood-filled space. During this last period there was 
also noted a definite increase in the amount of fibrous tissue. This 








A, B. 
Fig. 3.—Dog 433 E. A, Atelectatic tissue of twelve months’ duration. Note large 
collections of blood with narrow alveolar walls between. 
B, High power of A showing apparently normal blood and anthracotic pigment in 
alveolar walls. 


was not extreme at any time and never replaced the architecture of 
the collapsed lung tissue as has been found by others (Figs. 2 and 3). 


REINFLATION OF ATELECTATIC TISSUE 


Atelectatie lobes were reinflated by injection of air at a known pres- 
sure into the main bronchus distal to the region of stenosis. Rein- 
flation was first brought about in several lobes in vitro, about 35 mm. 
to 40 mm. of mereury pressure being necessary to accomplish it. The 
reinflated lung lobes were somewhat pale and smaller than they were 
before collapse had been produed. When atelectasis was of short 
duration, the lobes reinflated to more nearly their original size than 
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when it was of long duration. Reinflation of atelectatic tissue was 
next accomplished in vivo with the blood supply intact. Here a similar 
pressure of about 35 mm. of mercury was necessary, and again the 
lung lobes could not be reinfiated to their original size. During the 
reinflation of these lobes small blotches of pinkish discoloration of 
the surface of the lobe were noted. In order to obtain microscopic 
pictures of the collapsed tissue before and after reinflation, a portion 
of an atelectatic lobe was tied off. The remaining portion was then 
reinflated, and again a portion was tied off. The lung vessels were 
then injected with India ink according to the technic of Coryllos and 
Birnbaum. Thus microscopi¢c sections of injected and noninjected tis- 
sues, both collapsed and reinflated, were obtained. Before injecting 
the animals with India ink, the thoracotomy wounds were closed under 
positive pressure and the intratracheal catheter was removed. An 
illustrative protocol follows. 

July 15, 1931. Dog 4383 E received 0.015 gm. morphine and 0.0004 
gm. atropine per kilogram body weight one-half hour before broncho- 
scopy. Cauterization of the left primary bronchus with a 35 per cent 
solution of silver nitrate was carried out through a bronchoscope. 

July 29. Bronchoscopy under morphine-atropine anesthesia revealed 
a 3 mm. opening in the left primary bronchus. This region was re- 
eauterized with a 35 per cent solution of silver nitrate. 

September 3. Bronchoscopy revealed a 1 mm. opening in the left 
primary bronchus. This was cauterized for the third time with a 35 
per cent solution of silver nitrate. 

October 3. Bronchoscopy revealed complete stenosis of the left pri- 
mary bronchus. X-ray examination of the chest showed massive ate- 
lectasis of the entire left lung with the heart deviated toward the 
affected side. During this period of eauterization and oeclusion of 
the bronchus, a dry nonproductive cough was exhibited for several 
days following each operation. 

October 10. India ink was injected following reinflation. 

The dog was given 0.015 gm. morphine and 0.0004 gm. atropine be- 
fore operation. Under intratracheal ether anesthesia 2 inches of the 
left sixth rib were resected subperiosteally. On opening the pleural 
cavity the entire left lung was found to be completely atelectatic. It 
was purplish blue in color and of the consistency of muscle. <A ligature 
was placed firmly about the lower lobe 1 inch above its lower ex- 
tremity. A needle was inserted into the primary bronchus of the left 
lower lobe just distal to the point of occlusion and the remainder of 
the lung lobe reinflated. By inserting a manometer into the cireuit 
a pressure of 35 mm. mereury was found necessary for reinflation. As 
the parenchyma was being reinflated it appeared to be paler than nor- 
mal, with the exception that a number of small areas became somewhat 
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pinkish. Reinflation of the lung lobe could not be accomplished be- 
yond two-thirds of its original size. Following reinflation a second 
ligature was applied about the middle of the remaining portion. A 
ligature was then appiied securely about the middle portion of the 
left upper lobe. The thoracotomy wound was then closed in layers 
under positive pressure and the intratracheal catheter removed. The 
right jugular vein was exposed, and cannulas were inserted both dis- 
tally and proximally. The proximal cannula was connected to a 
Y-tube, one arm of which led to a container of India ink (20 per cent), 
the other to a container of Ringer’s solution. When the distal cannula 
was opened and bleeding begun, Ringer’s solution was introduced 
into the proximal cannula. This was continued for five minutes, at 
the end of which time the animal appeared to be almost completely 
exsanguinated and was exhibiting signs of dyspnea. By this time 
2,000 ¢.e. of Ringer’s solution had been introduced into the proximal 
cannula. The Ringer’s solution was then discontinued and India ink 
introduced through the proximal cannula. By the end of two min- 
utes 600 ¢.c. of India ink had been injected and the animal was dead. 
On reopening the pleural cavity the entire right lung was found to 
be well injected. The left lung was completely injected with the 
exception of the reinflated and atelectatic tissue distal to the ligatures. 

Microscopie sections of atelectatic tissue revealed marked vascular 
changes. The entire section presented large or small dilated spaces 
filled with blood. There also appeared to be an increase in the num- 
ber of smaller blood vessels. Five cross-sections of bronchi or bron- 
chioles were partially filled with blood. In portions of the section 
where dilated spaces were less evident, blood appeared to be well 
mixed with the alveolar or epithelioid cells in a very irregular man- 
ner. No lymphocytes or polymorphonuclear leucocytes were found 
infiltrating the tissue. A small number of fibroblasts were seen irregu- 
larly dispersed in the atelectatic tissue. In the region of the dilated 
spaces the alveolar walls appeared fewer in number and with very 
indefinite cell outlines, although some were thicker than normal. A 
considerable amount of anthracotic pigment was evident in some 
regions. The dilated spaces varied in size from that of a normal 
alveolus to five times as large. Mallory stains revealed a considerable 
amount of connective tissue proliferation throughout the entire sec- 
tion. Microscopie sections taken of reinflated atelectatic tissue showed 
the reopened alveoli to be considerably lacerated. Many of these con- 
tained smaller or larger amounts of blood, while others were entirely 
empty. Still others near the surface of the lobe were filled with blood 
but contained none of the injected air. 

Microscopic sections of reinflated atelectatic tissue injected with 
India ink showed about the same amount of blood as before injection. 
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No ink was observed in the alveolar spaces, but a small amount was 
found in the alveolar walls and blood vessels. Microscopie sections 
of injected atelectatic tissue revealed dilated spaces containing less 
blood than those of noninjected tissues. Little or no ink, however, 
was found in these dilated spaces. It appeared only in the alveolar 
walls and larger blood vessels and here to a much less degree than that 
found in the alveolar walls of injected normal lung tissue. 

Of the forty-five animals used in this experiment, twenty-seven were 
sacrificed between four and nineteen months after collapse had been 
produced. Two were sacrificed at four months, three at five months, 
three at six months, four at seven months, one at eight months, two at 
nine months, one at ten months, two at eleven months, two at twelve 
months, one at thirteen months, two at fourteen months, two at fifteen 





Fig. 4.—Dog 847 C. Atelectatic tissue of fifteen months’ duration following injec- 
tion with India ink. Note the many irregular empty spaces. Ink injection of the 
capillaries is much less at this stage of chronicity than at earlier periods. 


months, and one at nineteen and a half months. Of these, twelve were 
studied following India ink injection by the technic described, and 
eight received reinflation of a portion of the atelectatie tissue. 

A considerable degree of variation in the amount of apparent in- 
creased vascularity was noted in animals with atelectasis of approxi- 
mately the same duration. All animals, however, with collapse of six 
months’ or more duration presented the above described dilated spaces 
filled with blood. The degree of this change was not necessarily de- 
termined by the duration of the collapse. That is, atelectatic tissue 
of eight or nine months’ duration at times revealed as much change 
as other atelectatic tissue of fifteen months’ duration. As mentioned 
above, the dilated spaces appeared first near the periphery or immedi- 
ately surrounding a bronchus. As the change increased in amount, 
however, it was at times observed to extend from one border of the 
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Fig. 5.—Dog 433 E. A, Atelectatic tissue of twelve months’ duration following 
reinflation under 35 mm. mercury positive pressure. Many blood-filled spaces contain 
injected air. 

B, Section similar to A but taken following injection with India ink. Only a part 
of the blood has been removed, and little ink has entered the tissue. Some alveolar 
walls show laceration. 

C, high power showing blood-containing partly reinflated spaces with some injec- 
tion of the capillaries between. 
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section to the extreme opposite side. Before reinflation and follow- 
ing injection with ink, a considerable number of dilated spaces were 
observed, partially or entirely void of blood. They, however, con- 
tained little or no India ink, this being found only in the capillaries 
between the spaces (Fig. 4). After reinflation and ink injection of 
atelectatic lobes there was a definite decrease in the amount of blood 
removed from the atelectatie tissue by the Ringer’s solution and a de- 
crease in the amount of India ink injected into the reinflated lobe 
(Fig. 5). Reinflation of atelectatic tissue produced a considerable 
degree of laceration of the alveolar walls, and air had entered only 
a portion of the dilated spaces filled with blood. A considerable num- 
ber of reinflated alveoli contained smaller or larger amounts of blood. 
India ink was not observed in reinflated alveoli and in only small 
quantities in the capillaries between them. The dilated spaces remain- 





Fig. 6.—Dog 198. Roentgenogram of heart and lungs following injection with 
Hill’s mass. The left lung has been atelectatic for three weeks. Note marked con- 
trast between the two lungs especially in the capillary bed. 


ing uninflated and containing blood were ebserved for the most part 
near the periphery of the lung lobe, and in some regions there ap- 
peared to be collections of red blood cells immediately beneath or in 
the substance of the visceral pleura. 

The second group of experiments was designed to compare the vas- 
cular bed of an atelectatic lung with that of the normal lung by means 
of the roentgen ray. 

For this purpose Hill’s mass’® (20 per cent bismuth oxychloride in 
11 per cent acacia) was used. The pulmonary arterial system, the 
pulmonary venous system, and the bronchial arterial system were 
visualized under normal intrathoracic pressures. The pulmonary ar- 
terial system was also studied with the aerated lung inflated under 
positive pressure of 35 mm. mercury. Dogs were used. For visualiza- 
tion of the pulmonary arterial system under normal and positive intra- 
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tracheal pressures, they were anesthetized with 0.015 gm. morphine 
and 0.0004 gm. atropine per kilogram body weight thirty minutes be- 
fore the injection. The right jugular vein was then exposed and a 
long glass tube introduced downward almost to the right auricle. 
About 300 ¢.c. of the bismuth acacia mixture was then allowed to run 
in from a height of twenty-four inches. In this manner the entire pul- 
monary arterial system was injected by the normal cardiac mechanism 
and under normal intrathoracic pressures. These dogs (three) died be- 
tween one and two minutes after the injection was begun. The trachea 
was then clamped, all vessels were ligated and the lungs removed and 
x-rayed. A marked contrast in the vascular bed was clearly demon- 
strated between the collapsed and the aerated pulmonary tissue. The 





A, B. 


Fig. 7.—A, Dog 148. Roentgenogram of heart and lungs following injection of 
pulmonary arterial system with Hill’s mass. Atelectasis of the left lung of nineteen 
days’ duration. The capillary bed of the collapsed lung is faintly visualized. 

B, Dog 458. Roentgenogram of lungs following injection of pulmonary arterial 
system with Hill’s mass under 35 mm, mercury positive pressure. Atelectasis of left 
lung of five days’ duration. Note faint visualization of the capillary bed of the 
aerated lung as compared to that in A. Also note increased visualization of atelectatic 
circulatory system as compared to that in A. 


diminution in amount of material injected in the atelectatic lobes was 
most marked in the capillaries but was also very noticeable in the 
arteries and arterioles (Fig. 6). 

In two other dogs a similar procedure was ¢arried out as described 
above but with an intratracheal catheter in place and with a continu- 
ous 35 mm. mercury positive pressure inflation of the aerated lobes. 
X-ray examination of these specimens revealed more of the radiopaque 
solution in the aerated than in the collapsed lung, but the contrast was 
less marked than in experiments when normal intrathoracic pressures 
prevailed. The aerated lobes revealed less filling in the capillaries and 
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arterioles when injected during positive pressure insufflation ; whereas 
the atelectatic lobes showed an increased injection of these vessels under 
the same conditions (Fig. 7). 

The pulmonary venous system was visualized in two dogs by injec- 
tion with Hill’s mass through the left auricle. Under positive pressure 
intratracheal ether anesthesia and through a thoracotomy opening, a 
cannula was introduced into the left auricle through the pulmonary 
vein of the right middle lobe. Ligatures were placed loosely about 
the superior and inferior venae cavae, the chest was closed and posi- 
tive pressure discontinued. About 400 ¢.c. of Hill’s mass was allowed 
to run in from a height of 1 meter, the dogs dying three to four min- 
utes after the injection was begun. The superior and inferior venae 
cavae were both tightly ligated just prior to the injection. Roentgeno- 





Fig. 8.—Dog 146. Roentgenogram of heart and lungs following injection of pul- 
monary venous system with Hill’s mass. Little contrast in the amount of visualiza- 
tion is noted between the two lungs. The vessels are more tortuous and are somewhat 
concentrated in the atelectatic lung. 


grams of these specimens taken after removal from the chest, as de- 
scribed above, révealed very little difference between the amount of 
injection of the aerated and collapsed lobes (Fig. 8). 

Injection of the bronchial arterial system according to the technic 
of Mathes, Holman and Reichert*® in two dogs revealed little differ- 
ence between the atelectatic and the aerated lung lobes. 

In the third group of experiments a biochemical study of the cardio- 
respiratory physiology in atelectasis was made. This consisted of ob- 
taining oxygen, carbon dioxide, and pH determinations on mixed arte- 
rial blood, mixed venous blood and blood returning to the heart from 
an atelectatic and a normal lung under varying conditions. Dogs 
were used exclusively for the experiments and were anesthetized with 
intravenous sodium barbital (290 mg. per kilogram of body weight). 
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In some of the animals the oxygen content and oxygen capacity were 
obtained from femora! arterial blood before massive atelectasis of the 
lung was produced, and in these animals oxygen and carbon dioxide 
determinations from femoral arterial blood were again obtained be- 
fore anesthesia was begun. After barbital anesthesia had been ob- 
tained, oxygen and carbon dioxide determinations were again made 
from femoral arterial blood. In the first three animals, intrathoracic 
samples of blood were obtained through bilateral thoracotomy open- 
ings made through the fifth interspaces. In the last four animals bet- 
ter exposure was obtained through an anterior transverse incision -at 
the same level. Both approaches were made with the animal under 
intratracheal positive pressure inflation of the aerated lobes. In the 
earlier experiments samples of blood for carbon dioxide and oxygen 
determinations were obtained from the pulmonary veins of the atelee- 
tatie and aerated lobes by means of a needle thrust directly into them. 
Prior to the obtaining of the blood from the pulmonary veins a liga- 
ture had been placed about these veins to prevent withdrawal of blood 
from the left auricle. A second sample of blood was obtained from 
the femoral artery, after the chest had been opened and positive pres- 
sure had been instituted. Samples 2, 3, 4 and 5, namely, femoral ar- 
terial blood, right heart blood, and blood from the pulmonary vein of 
the collapsed and aerated lungs, were all taken with,the chest opened 
and the aerated lungs maintained in an inflated condition by continu- 
ous positive pressure. In this way we were able to obtain mixed 
arterial blood, mixed venous blood and blood returning to the heart 
from collapsed and aerated lobes. In the last three animals, samples 
of blood were obtained from an aerated lung vein by means of a glass 
cannula introduced through the left auricular appendage and carried 
through the left auricle into an aerated lobe vein on the right side. 
In this way we were able to obtain this sample of blood without caus- 
ing partial collapse of the aerated lobe by mechanical means. All 
samples of blood were drawn beneath 1.0 em. of mineral oil and im- 
mediately deposited beneath 1.5 em. of mineral oil into a receptacle 
containing 15 per cent potassium oxylate and stirred gently to pre- 
vent clotting. In most instances samples 2, 3, 4 and 5 were drawn 
within three or four minutes, and in many instances three of these 
four were drawn simultaneously. Oxygen and carbon dioxide deter- 
minations were made with the Van Slyke apparatus.’” In some of the 
earlier experiments pH determinations were run by the Hastings 
colorimetric method."* 
RESULTS 
In the first animal some technical difficulties were encountered, and 


the results obtained were of less value than those obtained later. In 
general, however, the results were quite uniform throughout the en- 
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tire series of 7 animals. Little variation was noted in pH determina- 
tions from the various samples of blood. Thus they were obtained in 
only the first three experiments. 

In describing the results of these experiments, samples of blood will 
be designated as follows: 

Sample 1—blood from the femoral artery following collapse of the 
left lung and with the animal under anesthesia (mixed arterial). 

Sample 2—blood from the femoral artery following atelectasis, with 
the animal under anesthesia, the chest open and under positive pres- 
sure inflation of the aerated lung (mixed arterial). 

Sample 3—blood from the right heart (mixed venous) with condi- 
tions the same as when sample 2 was drawn. 

Sample 4—blood from the pulmonary vein of the collapsed lobe, 
with conditions the same as in 2 and 3. 

Sample 5—blood from a pulmonary vein of an aerated lobe with 
conditions the same as in 2, 3 and 4. 

In addition to the above, samples of femoral arterial blood were ob- 
tained in 2 dogs before and after atelectasis of the left lung was pro- 
duced (459 and 457). 

In viewing Table I, the following points may be noted. The oxygen 
content of sample 2 was somewhat lower than that of sample 1; thus 
decreased oxygen saturation accompanied positive pressure inflation 
of the aerated lung lobes. The amount of decrease was quite constant 
throughout the entire series of animals. The carbon dioxide content 
of sample 1 was lower than that of sample 2. Both oxygen and carbon 
dioxide content of sample 3 were about the same as those found in 
sample 4, the blood being little changed by its passage through the 
atelectatic lung. The oxygen content of sample 5 was usually about 
the same as the oxygen capacity, this always being more than the 
oxygen content of sample 1 and sample 2. Exceptions to this were 
Dogs 398 and 459, in which mechanical pressure on the aerated lung 
while the sample was drawn, prevented normal oxygen exchange be- 
tween alveolar air and the blood. Thus, blood flowing through the 
aerated lung became completely saturated with oxygen, this satura- 
tion being considerably reduced when blood returning from the 
aerated and atelectatic lungs was mixed in the left auricle. 

The percentage of volume flow through the collapsed and inflated 
lung lobes could be estimated by knowing the oxygen content of the 
mixed arterial blood and of the blood returned by the pulmonary veins 
from the atelectatic and aerated lungs. Volume flow through the 
atelectatic lung, with the aerated lung inflated by 35 mm. mereury 
positive pressure varied between 28.5 and 40 per cent. The percentage 
of volume flow in Dogs 398 and 459 was estimated, using an oxygen 
content of almost complete saturation for sample 5. 
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In the above series of animals, observations on the rate and volume 
of bleeding from atelectatic and aerated lobes were made after having 
obtained samples for oxygen and carbon dioxide determinations 
(Table II). This was accomplished in the following manner. In Dogs 
398 and 400 simultaneous incisions of similar lobes, one atelectatie and 
one aerated, were made affecting as nearly equal amounts of lung 
tissue as possible, and the blood measured. In four other dogs (Table 
II) all the pulmonary veins of each lower lobe were isolated and 
ligated. The left lower lobe was atelectatic except in Dog 396, in 
which case it was markedly deflated. The veins were then divided 
and bled into respective pleural cavities, and the volume was meas- 
ured. No trouble from passage of blood through the mediastinum 
was experienced. These results of necessity are only approximately 
correct and are of more vaiue when viewed in the light of other find- 
ings given in this report. 


TABLE II 





























DURATION OF BLEEDING VOLUME | 
DOG é Si ——| REMARKS 
ATELECTASIS AERATED | ATELECTATIC 

398 2 days 130 ¢.c.| 6634% | 65 ¢.c.| 33144% |Lower tip of each lower lobe 
| incised. 

400 1 day 70 ¢.e.| 70% 30 ¢.c.| 30% |Apex of upper lobes incised 
| and bled for one minute. 

457 5 days 280 ¢.c.| 61.1% |178 ¢.c.| 38.9% |Pulmonary vein of each 

, lower lobe cut. No posi- 
tive pressure. 

238 6 weeks 215 ©.¢.| 72.9% | 80 ¢.c.) 27.1% |Pulmonary vein of each 
lower lobe cut. Positive 
pressure. 

240 |10 weeks 100 ¢.c.| 77% 30 ¢.¢.| 23% Pulmonary vein of each 
| lower lobe cut. Bled 
| under positive pressure 
| after death. 

396 0 (deflated) | 250 ¢.c.) 75% 85 ¢.¢.|25%  |Pulmonary vein of each 
| lower lobe cut. Positive 
pressure. 











In consulting Table II the following points may be noted. In Dogs 
398 and 400 in which both veins and arteries were incised, there was 
a slightly higher bleeding volume through the atelectatic lobe than 
where only veins were incised as in Dog 238. Dog 240 was bled after 
death with 35 mm. mercury positive pressure inflation of the aerated 
lung, and there was a lower percentage of bleeding volume from the 
atelectatic lobe than in Dog 238, in which case the animal was still 
alive. Animal 457 was bled with no positive pressure inflation of the 
aerated lung, and (with one lobe atelectatic and one deflated) there 
was a much higher percentage of bleeding volume from the atelectatic 
lobe. Dog 396 presented no atelectasis as a result of incomplete steno- 
sis of the left primary bronchus. The remaining opening (2 mm.) was 
plugged, however, with mucus and the lung markedly deflated and not 
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affected by 35 mm. mercury positive pressure inflation of the opposite 
lung. On bleeding from the pulmonary veins only 25 per cent of the 
bleeding volume came from the deflated lobe. The rate of bleeding 
was observed with and without positive pressure inflation of the 
aerated lung. This was greater in the atelectatic lobe under 35 mm. 
mercury positive pressure inflation of the aerated lobe and became less 
when the pressure was released. As the aerated lobe became markedly 
deflated, however, there was again an increase through the atelectatic 
lobe. The amount of bleeding from each lobe in Dog 457 may be ex- 
plained by this observation. 


DISCUSSION OF RESULTS 


Microscopie sections of atelectatic tissue would seem to indicate an 
increase in the volume flow of blood through the lung. Some investi- 
gators’? have stated that atelectatie tissue presented dilated and tor- 
tuous vessels to such an extent that it appeared hemangiomatous in 
character. On the other hand, Coryllos and his coworkers observed a 
gradual decrease in the vascularity of pulmonary tissue as it became 
atelectatic. They maintained that this impairment to circulation was 
due to and was regulated by the degree of collapse of the alveoli. 
Atelectasis in their experiments as well as many others was produced, 
however, by obstruction of pulmonary tissue by a foreign body plug- 
ging the air passage. Concomitant with the production of atelectasis 
there also developed an infection of the pulmonary tissue, distal to the 
obstruction. This led to edema, cellular infiltration, and desquamation 
which had a pronounced effect upon the circulation of the lung much 
different from that of atelectasis per se as shown in the above experi- 
ments. The hemangiectatic appearance of microscopic sections of 
atelectatic lung may have led some to believe that a definite increase 
in blood flow was produced by collapsing the lung tissue. If there was 
a marked increase, however, in blood flow in atelectatie tissue, dyspnea 
should be an outstanding symptom in animals with massive atelectasis 
of 50 to 75 per cent of their total lung volume. This we know is not 
the case as reported in a recent communication.?° That some consid- 
erable amount of blood does flow through an atelectatic lung during 
exercise was definitely indicated by the following experiment. 

Animals with atelectasis of 50 per cent of their total lung volume 
were caused to swim. Swimming in water at 42° C. proved to be a 
strenuous exercise, and in several instances only five minutes could be 
endured before death w:uld have ensued had they not been removed 
from the tank. Follow: ig extirpation of the atelectatic tissue, swim- 
ming in water at 42° € was endured to such an extent that fifteen 
minutes or more of tl exercise were well tolerated. 

It is common knowledge that tissues no longer functioning tend to 
atrophy, disintegrate, and become absorbed or east off. Following 
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complete stenosis of a main bronchus the entire lung lobe becomes 
completely atelectatic. The tissue between the air spaces and the 
circulating blood would then become functionless. Thus, as seen in 
microscopic sections of atelectasis of four or more months’ duration, 
the alveolar walls tend to become fragmented and their cell outlines 
less distinct. The alveolar walls become fewer in number due to this 
disintegration, and original air spaces become reexpanded by blood 
circulating through them. As this progresses there is still a further 
destruction of the alveolar walls, increasing the size of the dilated 
spaces filling with blood as they become larger or are made larger by 
inflowing blood. There is also a reopening of the smaller air passages 
leading from the alveoli to the smaller bronchioles as evidenced by the 
observation of blood within them. Along with the destruction of the 
alveolar walls there is a proliferation of fibroblasts to such an extent 
that a considerable degree of fibrous connective tissue was observed in 
the microscopic sections of atelectatic tissue of six months or more 
in duration. This degree of fibrosis in atelectatic tissue was insig- 
nificant when compared to that found in atelectatic tissue in the pres- 
ence of infection. 

That the blood in the alveoli was circulating was proved by its hav- 
ing been partially washed out by the Ringer’s solution. That no hemo- 
siderin was found was also indicative that the blood was in a state of 
passive congestion, rather than hemorrhage per se into atelectatic tissue. 
The rate cf circulation in atelectatic tissue was further enhanced by its 
reinflation. This caused not only a decrease in the amount of blood to 
be removed from the tissue, but also a marked decrease in the amount 
of ink entering the tissue. 

Further evidence of a marked reduction in volume flow of blood 
through an atelectatic lung was presented by the other series of ex- 
periments. The pulmonary arterial system of an atelectatic lung when 
visualized by roentgen ray following injection with Hill’s mass, was 
much reduced in size from that of the normal lung (Fig. 6). The esti- 
mation of the amount of this reduction was made more accurate be- 
cause of the fact that normal intrapleural pressures prevailed and 
that the injection was accomplished by cardiae action. Arteries, ar- 
terioles and capillaries were less injected in the atelectatic than in the 
normal lung, the latter two being more affected than the former. 
When the pulmonary venous system was injected through the left 
auricle, little difference was noted between the atelectatic and normal 
lung (Fig. 8). The injection here was by gravity, and although ear- 
ried out in the presence of fairly normal intrapleural pressures and 
cardiac action, it represented only the vascular bed rather than volume 
flow of blood through the same. The equal injection of the two lungs 
may have been due to less resistance against injection in the atelectatic 
lung, since it has been shown that much less blood was flowing 
through it. 
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Roentgenograms of lungs following injection of the pulmonary 
artery with 35 mm. mercury inflation of the aerated lung revealed a 
better filling in the atelectatic lung than when the injection was made 
under normal pressures. The increased injection was not limited to 
the arteries but was present in the arterioles and to some extent in the 
capillaries as well. On the other hand, the capillaries of the aerated 
lung were definitely less injected than when normal pressures pre- 
vailed (Fig. 7). This effect of positive pressure insufflation of the 
aerated lung was also noted by blood oxygen determinations and by 
direct observation when aerated and atelectatic lobes were bled. A 
decrease in oxygen content of the femoral arterial blood almost rou- 
tinely accompanied the institution of intratracheal positive pressure 
insufflation of the aerated lung. The amount of this decrease was 
quite constant throughout this series of animals. 

Other findings noted in this series were lack of change of oxygen 
and carbon dioxide content as the blood passed through the atelectatic 
lung, and a complete saturation with oxygen of blood passing through 
the aerated lung. The former is a fair indication that a compensatory 
dilatation of the bronchial arterial system was not present. Injections 
of this system according to the technic of Mathes, Holman and Reich- 
ert agreed with those authors that this system was unchanged in 
atelectatic lungs. 

Again, volume flow through the atelectatic lung with positive pres- 
sure insufflation of the aerated lung was estimated by means of the 
oxygen content of the mixed arterial blood and of blood returning 
from the aerated and atelectatic lungs. This varied from 28.5 to 40 
per cent and averaged about 32+ per cent. As we have shown that 
positive pressure diverts more blood through the atelectatic lung, the 
above volume would be materially reduced in the case of normal in- 
trathoracic pressures. 

Volume flow as measured by bleeding similar lobes was also carried 
out under markedly abnormal pressure relations. In general, how- 
ever, the results are similar to those obtained in the other series of 
experiments, i.e., a decrease in volume flow through the atelectatic 
lung to about 25 per cent. 

Reduction in volume flow of blood through an atelectatie lung was 
probably best explained on the basis of lack of mobility and shrinkage 
of the tissue. That the former of these two factors was of definite im- 
portance was demonstrated in Dog 396 in which both lower lobes were 
bled from the pulmonary veins. The left lower lobe was considerably 
defiated resulting from incomplete stenosis of the left primary bronchus 
which was filled with mucus distal to the region of incomplete ocelu- 
sion. It contained a considerable amount of air but no exchange. 
Only 25 per cent of the bleeding volume was received from this lobe. 
Shrinkage of the tissue in atelectasis produces a decreased cross-section 
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of the vascular bed as well as a marked tortuosity of the vessels. 
Microscopie sections of atelectatic tissue revealed no thrombosis of 
vessels or débris in the air passages or alveoli which would explain 
the reduction in volume flow. 


CONCLUSIONS 


Massive atelectasis of the lung is attended by an apparent increase 
in the vascularity of the tissue. This is in the nature of a passive con- 
gestion rather than an active hyperemia. Therefore the volume flow 
of blood in atelectatic tissue is decreased. 

In chronic atelectasis there is a gradual disintegration of the alveo- 
lar walls with the formation of channels leading from the circulating 
blood stream through the alveoli. This circulating blood reexpands 
the alveoli and may extend up the air passages into the smaller bron- 
chioles. This phenomenon was first observed near the periphery of 
the lung parenchyma and around the larger bronchi. It was first seen 
in atelectasis of about four weeks’ duration, and slowly increased in 
amount. It was never observed to replace the usual architecture of 
atelectatic tissue in all parts of the section. 

Massive atelectasis of many months’ duration was reinflated by a 
pressure of 35 mm. mercury. The reinflation was incomplete, and a 
lung lobe could be increased to only one-half or two-thirds of its origi- 
nal size. There was a considerable degree of laceration of the alveo- 
lar walls within the lung lobe due to reinflation. Only a part of the 
dilated blood-filled spaces were entered by the air introduced. 

A moderate amount of fibrous tissue proliferation occurred in atelee- 
tatie tissue. This was insignificant as compared to the marked fibrosis 
attending infected atelectatie lobes. 

Decreased volume flow of blood through an atelectatie lung was 
demonstrated by injection of the pulmonary arterial system, by blood 
oxygen determinations, and by bleeding atelectatic and normal lobes 
of a similar size. 

Positive pressure insufflation of the aerated lung diverted a consid- 
erable quantity of blood from the aerated to the atelectatie lung. 

The amount of flow through an atelectatic lung with the aerated 
lung under a positive pressure insufflation of 35 mm. mereury was 
about 25 per cent when determined by bleeding of two similar lobes 
and about 32 per cent when estimated from biood oxygen determinations. 

These figures would be considerably reduced if accurate measurements 
could be obtained with normal intrathoracic pressures prevailing. 

Oxygen saturation of mixed arterial blood was little influenced by 
the production of atelectasis of the left lung. This suggests a very 
low percentage volume flow of blood through the atelectatic lung. 


We wish to thank Dr. A. B. Hastings for his interest and suggestions in this 
work and Miss Eleanor M. Erickson for the blood gas analyses, 
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DISCUSSION 


DR. WANGENSTEEN.—It would appear that the experimental atelectasis so 
beautifully demonstrated by Dr. Adams occurs rather frequently in clinical cases. 
There has been widespread and intense interest among surgeons in recent years in 
massive pulmonary atelectasis. It, however, occurs relatively infrequently, abdominal 
operation being its common denominator. Lobular atelectasis, such as that described 
by Dr. Adams, is found at postmortem in patients dying of a variety of conditions. 
Its occurrence is not predicated on an antecedent operation. The temporary ablation 
of the diaphragmatic component of respiration following abdominal operation which 
has so much to do with the genesis of lobar or massive pulmonary atelectasis is 
apparently unimportant in the development of lobular atelectasis. 

The essential difference between a compressive and an obstructive atelectasis lies 
in the effusion of serum into the pulmonary alveoli. In obstructive atelectasis in- 
cident to the shrinkage in size of the apneumatic lobe of the lung, from the absorp- 
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tion of air, the intrapleural subatmospheric pressure may reach pressure levels far 
below the normal range. In consequence of the increased negative intrapleural pres- 
sure, transudation of fluid occurs into the atelectatic lung. In massive atelectasis, 
displacement of the mediastinal structures occurs; in lobular atelectasis, in which 
condition similar changes in the intrapleural pressures obtain, no mediastinal dis- 
placement ordinarily follows, for the condition is almost invariably bilateral. 

Clinical recognition of lobular atelectasis is difficult. Because of the lack of 
mediastinal displacement, roentgen films may fail to disclose the nature of the lesion, 
the involved lobes lying below the diaphragm which is invariably high. Lateral films 
should detect this condition, but satisfactory lateral films are notably difficult to ob- 
tain at the bedside. The uninitiated may confuse it even at necropsy with pneumonia. 
The finding of small flabby bluish basal lobes, airless in patches, serves to identify 
it. 

Dr. Rudolph Koucky at the University Hospital in Minneapolis has given this 
matter long and earnest study. His observations have established in our minds the 
occurrence of lobular atelectasis as a common accompaniment of the lethal issue 
in a number of diseased conditions and as a frequent postmortem finding. 

Dr. Koucky also has attempted to reinflate these atelectatic lungs as suggested 
by Dr. Adams. He often found, however, that the employment of a pressure great 
enough to tear the pulmonary substance was necessary to reexpand the apneumatic 
lung. 

The chief etiologic agent in the genesis of lobular atelectasis apparently is the 
presence of thick viscid mucus in the smaller bronchi and bronchioles. In the present 
state of our knowledge lobular atelectasis would not appear to be amenable to avail- 
able methods of treatment. Change of posture and cough, which have an almost 
immediate favorable influence upon massive atelectasis, are without effect upon 
lobular atelectasis. As we learn more about it and rationalize on such new facts, 
its therapy may prove less futile than at the moment. 


DR. CORYLLOS.—This was a very interesting and thorough paper. Very few 
things can be added. If I am not mistaken a distinction was made in this paper 
between ‘‘obstructive’’ and ‘‘compressive’’ atelectasis. I do not think that there 
is any. They both have the same etiology and pathogenesis, and in both the same 
vascular changes take place. In obstructive atelectasis, be it lobar or lobular, the 
cause is an obstruction of a lobar or a lobular bronchus. In compressive atelectasis 
the cause is obstruction of the small bronchioli following and caused by collapse 
of the lung. Birnbaum and I have shown that when the chest of an animal is opened 
and the lung collapses, the organ does not become airless because the small bronchioli 
collapse and thus a considerable amount of air becomes entrapped in the alveoli. 
Even pressure with the fingers cannot mechanically expel this air from the alveoli. 
But, if the animal is kept alive with one chest maintained open, the collapsed lung 
will become atelectatic within a few hours, because, as in obstructive atelectasis, 
the air entrapped and not renewed in the alveoli is absorbed by the blood circulating 
in the alveolar capillaries. Therefore atelectasis may be distinguished clinically as 
obstructive and compressive, but etiologically and physiologically atelectasis is 
always ‘‘ obstructive. ’’ 

Birnbaum and I have also shown that the blood flow in the -apillaries of the 
atelectatic lung is always decreased and that this decrease is proportionate to the 
degree of atelectasis, whatever be the origin of the latter. In atelectasis following 
bronchial obstruction by a foreign body, in postoperative atelectasis and pneumonia, 
in lobar pneumonia and bronchopneumonia, and in pulmonary tuberculosis the 
phenomena which always occur are bronchial or bronchiolar obstruction, absorption 
of air, atelectasis—massive or patchy—and concomitant collapse of the capillaries 
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and decrease of blood flow. In none of these diseases is there any impairment of 
the patency of the arterial tree of the pulmonary artery. On the contrary, these 
branches are rather dilated because of the increased pressure due to the collapse of 
the capillaries, 

I was very much interested in the study, presented in this paper, of the vacuoles 
which appear in the atelectatic lung. I wish to corroborate the findings of Dr. 
Adams, and confess that I have not been able as yet to explain their origin. They 
certainly do net communicate either with the vessels or with the closed alveoli. 
How do they develop? Do they exist in the lung or are they artefacts? They are 
generally perfectly round spaces of different sizes and present no epithelial lining. 
Are they formed by fibrotie retraction or by atrophic absorption of endothelium? 
Then the question arises, how has air penetrated into them if the bronchi are com- 
pletely closed? I had come to the eoneclusion that they might represent emphy- 
sematous alveoli connected with stenosed but not completely obstructed bronchi. I 
admit, however, that this conclusion is not beyond criticism. 

Another point of interest is the development of fibrosis in the atelectatic lung. I 
agree with Dr. Adams that fibrosis develops very slowly in eases of obstruction 
of a healthy lung. After liberation of bronchial obstruction, or absorption of air 
in spontaneous nontubereulous pneumothorax, or removal of tumors of the medias- 
tinum or even noninflammatory effusions of the pleura (as in cardiac diseases), the 
lung reexpands even when it has been maintained collapsed for a long time. I think 
that this is due to the dual circulation of the lung; slowing down or even sup- 
pression of blood brought about through the pulmonary artery affects but little 
the nutritien of the lung, which is insured by the bronchial arteries. On the con- 
trary, when both pulmonary and bronchial capillaries are affected simultaneously, 
necrosis and fibrosis readily develop. What happens in chronic suppuration of the 
lung clearly demonstrates this point. This is of special interest in tuberculosis 
where fibrosis is limited to the diseased areas; so when after prolonged pneumo- 
thorax the lung is allowed to reexpand, only the healthy portions of the parenchyma 
reexpand while the diseased portions have become fibrotic. It is the same with chronic 
suppurations following unresolved pneumonias or bronchopneumonias and leading 
to bronchiectasis. Vascular lesions and ischemia and anoxemia of the tissues in- 
volved are certainly the cause of fibrosis. Policard and Leriche have already in- 
sisted upon this point. 

I should like to ask Dr. Adams whether he has found in his cases any marked 
increase in the size of the bronchial arteries corresponding to the atelectatie lobes. 


DR. ADAMS.—As I mentioned at the beginning, our prime interest was not in 
the circulation of the lung, but the finding of peculiar spaces filled with normal 
blood. It was very difficult for us to explain their presence. We thought they might 
possibly be expanding capillaries; that is, with atrophy of the alveolar cells, the 


spaces might be simply dilated capillaries. Injection with ink revealed this not to 
he the case. The morphology was so indistinct that it was difficult to determine cell 
outline, and in many instances the walls between these spaces consisted of a struc- 


tureless membrane with no nuclei to be found. 

In answer to Dr. Coryllos’ question, I think that in regard to fibrous tissue 
stimulation, this type of atelectasis is entirely different from the kind in which 
sepsis is introduced. In fact, fibrous tissue proliferation in these sections was very 
small as compared to that found where infection has been present. In view of 
this, I believe the explanation for this is truly on the infectious basis. 

The studies we have made of the bronchio-arterial system showed no change be- 
tween the atelectatic and the normal lung, agreeing with the findings of Matthews 


and others. 




















OBSERVATIONS ON THE TREATMENT OF EMPYEMA WITH 
SPECIAL REFERENCE TO DRAINAGE AND EXPANSION 
OF THE LUNG* 





OwEN H. WANGENSTEEN, M.D.t 
MINNEAPOLIS, MINN. 


HE surgeon’s responsibility in dealing with empyema is essentially 

twofold: to save life and to preserve normal function. These 
responsibilities are concerned with the management of the infection 
and satisfactory expansion of the lung. 

Infection still challenges medicine as one of its important problems. 
When the well-known principles of treatment are not ignored, pa- 
tients die of empyema largely because of our inability to deal ade- 
quately with infection. Judged in the light of the pre-antiseptie era, 
much has been accomplished. Our limitations in dealing with infec- 
tion are, however, a matter of common experience. Though applica- 
tion of antisepties to the unbroken skin has allowed exploration of 
every body cavity and daily permits the performance of surgical tasks 
which in the eyes of the pre-antiseptic period are as much of a miracle 
as giving sight to Bartimeus; still in the presence of established infec- 
tion, the surgeon must often admit to his own chagrin and the despair 
of the relatives his utter inability to do anything except wait and see 
what will happen. 

What tangible help have we to offer a patient with a pyogenic blood 
stream infection unknown to the pre-Listerian era? 

Whereas it is one of the oldest axioms in surgery to evacuate pus 
wherever it is present, this rule has become much modified in practice. 
The time and the manner of evacuation are highly important. As a 
matter of fact, only in a few conditions is operative intervention in 
order as soon as existing infection is recognized. No longer does one 
operate at once to drain a lung or brain abscess. Acute infections of 
the lymph and blood vessels in the absence of suppuration are better 
treated by conservative means. Early in appendicitis, one operates to 
obviate contamination of the peritoneal cavity; when inundation of 
the peritoneum has occurred, conservative management is often the 
wiser course. 

The rule of the surgeon in dealing with infection is to evacuate 
exudate in accordance with the guidance of experience, weighing and 
considering carefully the anatomical, pathologic, and physiologic prin- 
ciples concerned. 





*Read by title at the meeting of the American Association for Thoracic Surgery at 
Boston, May 31-June 2, 1934. 
jFrom the Department of Surgery, University of Minnesota. 
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THE PROBLEM IN EMPYEMA 


The treatment of empyema is essentially a problem in bacteriology 
and physics. The science of bacteriology affords us differential cri- 
teria to determine the organism present, which in turn tells us some- 
thing of the type of infection and the probable nature of the exudate. 
No direct help is afforded in treatment; nevertheless, it is to the de- 
velopment of bacteriologic aids that we must eventually look for help- 
ful methods of dealing with virulent infections. 

The physical problems relating to the treatment of empyema are, 
however, well known. The peculiar local condition which demands 
consideration in the removal of pus from the thorax is the normal sub- 
atmospheric intrapleural pressure. The experience of surgeons with 
empyema during the World War, and especially the studies of the 
Empyema Investigating Committee, taught that it was frequently 
safer to ignore the empyema than to establish free drainage by rib 
resection in the presence of thin exudate. 

Drainage.—F ortunately, alternative methods for establishing drain- 
age are available. In the presence of thin exudate, a displaceable 
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Fig. 1—The superiority of continuous drainage as afforded by an _ intercostal 
catheter over the intermittent drainage of needle aspiration jis readily shown in this 
graph of a portion of the temperature record of a patient With empyema. Fourteen 
aspirations failed to influence the fever appreciably, even though the pus was of such 
a consistency that it was readily removed through a large needle. 
mediastinum, or a nonadherent lung, it is mandatory to employ drain- 
age which preserves the chest wall intact. Aspiration with a needle 
or drainage through an intercostal catheter, water-sealed or connected 
with some other type of closed system, will satisfactorily obviate seri- 
ous changes in the intrapleural pressure. It is obvious, however, that 
neither of these may afford adequate drainage in that the small caliber 
of the lumen of the needle or catheter may not permit of complete 
evacuation of the exudate despite the employment of irrigation. It 
is also immediately apparent that intercostal catheter drainage affords 
the significant advantage of being continuous over needle aspiration 
which must necessarily be practiced only at intervals. (Fig. 1.) Never- 
theless, a large number of cases may be, as is well known, carried to a 
satisfactory termination without the employment of any other means 
of drainage. Undue persistence with needle aspiration may not only 
prolong the period of treatment but also because of the inadequacy of 
the drainage give rise to tissue thickening of such a character that 
more radical procedures are subsequently necessary. 
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Open drainage by rib resection is to be reserved for those eases in 
which the exudate may be evacuated when the effects of open pneu- 
mothorax will no longer be manifested on the opposite lung. As a 
matter of fact, however, open drainage should not be employed as 
long as the lung of the pleural cavity involved may be collapsed by 
open pneumothorax despite rigidity of the mediastinum limiting the 
effects of pneumothorax to the side concerned. That suck unilateral 
pulmonary collapse occurs consequent upon too early open drainage 
without any mediastinal displacement is attested in the cases which 
too frequently come for treatment of chronic empyema involving al- 
most the whole pleural cavity and exhibiting no mediastinal displace- 
ment. Though dyspnea did not attend the establishment of open 
drainage, the lung, it is learned, soon became compressed against the 
vertebral column and has failed to reexpand. An important desid- 
eratum, therefore, in establishing open drainage is not alone a stable 
mediastinum, but also a lung adherent to the chest wall that will not 
be collapsed by the admission of atmospheric pressure to the thorax. 

Fluid in the pleural cavity obviously obeys the laws of gravity and 
consequently accumulates in the dependent portion of the chest. The 
patient being ill with empyema and lying largely on his back, the col- 
lection when present in the free pleural space will be found almost 
invariably in the posterior and inferior portions of the thorax. Drain- 
age, in order to be adequate must, therefore, also be at the lowest 
portion of the pleural space. 

When open drainage is employed, with the drainage site properly 
placed, all the free exudate in the pleural space will be drained out. 
Only that adherent to the visceral or parietal pleura will not be 
brought away. With the employment of closed drainage, however, 
even with the use of suction, whether exerted upon an aspirating 
syringe or applied to an intercostal catheter, through the medium of a 
water siphon or pump, complete evacuation of the exudate cannot 
be obtained unless the lung expands to fill the space occupied by the 
pus. If the lung fails to expand immediately, persistence with the 
employment of suction will only create a high negative intrapleura) 
pressure. The injecti air or fluid, however, will aid materially 
in the removal of the exudate. The injection of air will permit of 
evacuation of all the free pus; the injection of fluid (saline or Dakin’s 
solution) will permit of such dilution of the exudate that for practical 
purposes it may be said to be completely removed. 

It is obvious, therefore, that open drainage affords better evacuation 
of the free exudate in the pleural cavity than does closed drainage 
despite the employment of suction. With the addition of injection of 
air into the pleural cavity to closed drainage, excellent drainage of 
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the free exudate may be obtained through a large tube; and irriga- 
tion with fluid, especially when frequently done, will afford satisfac- 
tory drainage. 

Apart from the necessity of supplementing closed drainage with 
irrigation in order to afford adequate evacuation of exudate, the pur- 
pose of irrigating the infected pleural space with fluid are these: first, 
to try to wash and sterilize so far as possible the walls of the empyema 
cavity; second, to digest the exudate upon the visceral pleura and, 
in so doing, to inhibit the restraining influence which this exudate, 
when organized, may exert upon the expansion of the lung. Dakin’s 
solution performs these functions better than other irrigating fluids. 
The inadequacy of Dakin’s solution or other pharmacologic antiseptic 
agents in overcoming a virulent infection is so much a matter of re- 
current individual experience as to necessitate no further elaboration. 
Suffice it to say that the greatest virtue of Dakin’s solution in dealing 
with infection appears to lie in its ability to sterilize infected cavities 
when the seriousness of the infection has already become somewhat 
attenuated by the establishment of drainage. Hermannsdorfer has 
extolled a solution of pepsin and one-half per cent hydrochlorie¢ acid 
for digesting fibrin in empyema eavities. Dr. Charles E. Rea and I 
found in comparing the efficacy of a number of agents, such as Her- 
mannsdorfer’s solution, trypsin, pepsin, sodium ricinoleate, and Dakin’s 
solution, with reference to their ability to digest pus or fibrin that Dakin’s 
solution seemed the best. When conjugated with its antiseptic prop- 
erties, it offers, therefore, the best irrigating fluid available. 

Expansion of the Lung.—When the danger to life has been put aside 
by conquest of the infection by the patient’s defensive resources rein- 
forced by external drainage of the pus, the item of chief concern is ex- 
pansion of the lung to obliterate the cavity occupied by the pleural 
exudate. 

The expansion of the lung is a rather gradual process. Following 
the establishment of open drainage two items are said to contribute 
largely to the reexpansion of the lung and the obliteration of the 
empyema cavity: first, and most important, is the contractile force 
exerted by adhesions which form between visceral and parietal pleurae, 
where the lung lies closest to the chest wall; second, the stretching 
effect of forced inspiration and blowing against resistance upon the 
exudate or adhesions lying on the visceral pleura which tend to inhibit 
the expansion of the lung. 

In the closed thorax, when the expansion of the lung is not restrained 
by fluid within the lung or exudate upon it, it may readily be demon- 
strated that the removal of fluid or exudate from the pleural cavity 
compressing the lung will, with restoration of the normal subatmo- 
spherie intrapleural pressure, result in fairly complete expansion. The 
most illustrative examples of this occurrence attend the removal of 
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air artifically introduced into the pleural cavity or aspiration of an 
accumulated effusion. Obviously, conditions are not so simple in an 
empyema, and rarely with removal of the exudate does the lung ex- 
pand immediately. Nevertheless, simple trial with the maintenance 
of slight subatmospherie intrapleural pressure in the expansion of the 
lung in empyema demonstrates the virtue of this principle, which is so 
all important in the expansion of the lung compressed by air or an 
effusion. 

Roentgen films made to follow the progress of lung expansion at- 
tending the maintenance of negative intrapleural pressure by the 
closed method of drainage in empyema, frequently demonstrate the 
rapidity with which the empyema cavity may be obliterated. In a 
number of instances, however, though the lessening in size of the 
empyema cavity may proceed rapidly, it is found even after main- 
tenance of apposition of lung to chest wall for some time that when 
the atmospheric pressure is admitted to the thorax the lung may 
partially collapse again. It is apparent, therefore, that the contractile 
force of the adhesions between visceral pleura and parietal pleura must 
be depended upon to maintain the expansion of the lung. In the open 
thorax this force is also the chief agent in expanding the lung. When, 
with the aid of slight subatmospherie pressure, the lung expands more 
rapidly than adhesions are formed to hold the lung out, on disecon- 
tinuance of suction the lung may again recede somewhat from the 
chest wall. 

It is to be conceded freely that the lung expands almost invariably 
through the ageney of adhesive contraction alone, when adequate 
drainage is established at the proper time by the open method. It is 
my impression, however, that the employment of closed drainage by 
a method which will simultaneously afford adequate removal of the 
exudate and maintain slight subatmospheric pressure in the pleural 
cavity will bring the majority of acute empyemas to complete healing 
more quickly than open drainage. The maintenance of subatmospherie 
pressure may legitimately be described as a third factor concerned 
in the expansion of the lung following drainage in empyema. 

It is difficult to appraise accurately the réle played by each factor 
which has to do with expansion of the lung. It is impossible to dupli- 
cate by the experimental method exactly what occurs in a clinical case 
of empyema. Moreover, under apparently similar conditions, in one 
instance an empyema cavity may obliterate quickly while another 
under almost identical circumstances may take considerably longer 
than the usual time. 

The significance of two of the physical factors concerned with ex- 
pansion of the lung may be readily elucidated by the employment of 
a balloon as an artificial lung and a bottle asa rigid glass thorax. 
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Obviously, such a balloon and bottle present many departures from 
the conditions encountered in an empyema, but the principles involved 
are the same. 


MAINTENANCE OF SUBATMOSPHERIC PRESSURE 


A balloon in a closed glass jar connected to the exterior through 
the medium of a glass cannula will remain collapsed when the pres- 
sure of the atmosphere is admitted through another vent. When mild 
suction is applied to the vent representing the drainage site (Fig. 2) 
the balloon, if capable of being easily inflated, readily expands, and 
is maintained in the inflated condition. On the contrary, such passive 
expansion of the balloon is not possible if it is not readily inflated. 












“Lung”--- ooo 


To suction 
apparatus 









-+-““Pleural cavity” 


Fig. 2.—A glass jar with a balloon attached to a cannula inserted through a rub- 
ber cork with special vents for applying suction and registering pressures exerted, 
affords a satisfactory model upon which to study the physical factors dealing with 
drainage of the pleural cavity and expansion of the lung. 

When no forces other than the atmosphere act upon the balloon, it is collapsed; 
when suction equivalent to two centimeters of mercury is applied at the drainage 
site, the balloon inflates and remains distended. All the air in the jar is not removed 
by the suction; if it were, the balloon would fill the entire space. Similarly, if the 
balloon were immersed in water only enough water would be displaced by suction to 
permit expansion of the balloon. All the water could not be evacuated unless the 
balloon expanded completely; if the balloon failed to expand completely, no matter 
how great a suction force be applied, unless the force were great enough to burst the 
balloon (in which event, a closed thorax would no longer be present) or pull in the 
glass walls of the jar, the fluid could not be entirely evacuated. It is also apparent 
that the drainage site must be at the bottom of the jar in order to provide satisfac- 
tory evacuation whether closed or open drainage is employed. 


In such an event, if the suction applied be great, a high negative pres- 
sure will develop within the space representing the pleural cavity. 
The conditions met with in acute empyema can be integrated into 
the physies of this simple experiment. With the establishment of 
closed drainage in empyema, if the lung is not effectually restrained 
by exudate over its visceral surface or inflation inhibited by edema 
or exudate within the lung, expansion will immediately oceur. The 
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more frequent circumstance in empyema undoubtedly is, however, 
restraint of immediate expansion by exudate over the visceral pleura. 
It is therefore obvious that the source of suction must be so controlled 
that the negative intrapleural pressure will never become very great. 
With a drainage vent so large that it does not readily become plugged 
with exudate and with the employment of irrigation with Dakin’s 
solution to liberate the lung from the exudate on its visceral surface, 
under the influence of continued exertion of mild suction the lung will 
gradually expand. This process obviously will be quicker than when 
the pressure of the atmosphere is admitted to the pleural cavity. 

Even though the pressure in the glass tube representing the trachea 
(Fig. 2) is also atmospheric and the same as that entering the glass 
thorax, the tendency for the balloon because of its inherent elasticity 
is to collapse, despite the equalization of the opposing forces which 
are tending to maintain the obtained inflation and the other which is 
striving to collapse the balloon. The measure of the elasticity of the 
balloon is that negative pressure necessary to inflate it passively. 

Similarly in an open thorax the elasticity of the lung, nonadherent 
to the chest wall, lends its small force to the pressure of the atmo- 
sphere entering at the drainage site, which pressure is just balanced 
by that in the trachea. Nevertheless, this small disproportion of aet- 
ing forces is enough to collapse the lung. The differential pressure 
which is necessary to keep the balloon or lung inflated is of the order 
of magnitude of 0.5 to 2 per cent of the atmospheric pressure and 
indicates how important a roéle is played by this slightly superior 
foree.* 

INCREASE OF INTRAPULMONARY PRESSURE 


The efficacy of blowing water from one bottle to another, which is 
a practice commonly urged upon patients to expand the lung in 
empyema, may be readily demonstrated upon the same artificial 
thorax (Fig. 3). If one blows into the glass tube representing the 
trachea to simulate the effect of taking a deep breath, the balloon, of 
course, expands; when one stops blowing, however, the elasticity of 
the rubber in the balloon adds its force to that entering at the drain- 
age site and the balloon collapses. Because the drainage vent is 
open, blowing into the balloon does not alter the columns of 
mercury in the manometer and there is no increase in the pressure 
within the thorax. Air contained in it is merely displaced to the 
exterior. In order to maintain the expansion attained by blowing, 
the tube representing the trachea, leading to the balloon, must be 
compressed. 


*It is my observation from trials upon this artificial thorax that the Thiersch 
or flapper vaive does not maintain a negative pressure after its establishment by suction. 
It is very unlikely that it could prove effectual for such a purpose and permit drain- 
age at the same time in the treatment of empyema. When the lung is fixed, it will 
do no good; when not fixed, the employment of the flapper valve will probably result 
in collapse of the lung, 
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If, however, one similarly inflates the balloon by blowing through 
the glass trachea when the drainage site at the botton of the glass 
thorax is connected with a mild suction, the achieved inflation of the 
balloon is maintained. The alteration of the levels of the columns 
of mereury in the manometer indicates the differential pressures. 


From this simple experiment it is apparent that blowing against 
resistance is most effectual when combined with some source which 
will maintain a slightly negative intrapleural pressure. Repeated 
deep inspiration which precedes the act of blowing undoubtedly tends 
to put the exudate or thin adhesions overlying the visceral pleura on 
the stretch. In order to maintain each increment of expansion achieved 
by this means, however, a closed system of drainage must be employed. 





























A, B. 


Fig. 3.—The effects of blowing against resistance upon the lung in open and closed 
drainage systems are here demonstrated. In A, which represents an open thorax, the 
balloon which is collapsed at rest is distended by blowing (deep inspiration) into the 
glass trachea. The chest being open, no fluctuation in the mercury column occurs ; 
on expiration the balloon collapses again. In B is shown what happens under similar 
circumstances when the chest is closed. The bailoon remains inflated when gentle 
suction is applied. The degree of negative “intrapleural pressure” is registered on 
the manometer. 


DISCUSSION 


Failure to take advantage of the benefits presented by drainage 
combined with the maintenance of negative pressure undoubtedly is 
to be found in the simple fact that the lung will expand through the 
agency of granulation tissue contraction alone if open drainage is 
not done too early. The best alternative for closed drainage should 
therefore be frequent aspiration through a needle or, even better, 
employment of an intercostal catheter until the exudate is so thick 
that one is certain that the lung is adherent to the chest wall, before 
establishing open drainage. 
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As has already been stated, better drainage can be obtained by the 
open method than by the closed. With the addition of such adjuvant 
measures as air injection or irrigation to closed drainage, equally. as 
good drainage is obtained. The method is, of course, not applicable 
to all empyemas. The most suitable are the large free collections in 
the pleural cavity. The treatment of the encapsulatediempyemas does 
not come within the limits of this discussion. It probably:should be 
said, however, that the small eneapsulations are better drained by the 
open method, for maintenance of subatmospherie pressure has little 
to offer in the expansion of the lung. It has likewise been my experi- 
ence that multiple encapsulations and particularly mediastinal collee- 
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Fig. 4.—A large tube drawn through a soft rubber sponge which affords adequate 
drainage and, permits of continuance of the closed system when pus can no longer 
be aspirated with a large needle or drained out through an intercostal catheter. (Carl- 
son, H. A., and Bowers, W. F.: International Surgical Digest 18: 131, 1934.) 


tions of exudate frequently absorb without drainage. After the es- 
tablishment of the presence of pus in multiple collections by needle 
aspiration, it is usually a good plan to see whether they will not spon- 
taneously resolve even though this occurrence does not attend pleural 
as often as it does intraperitoneal abscesses. 

Closed drainage affording satisfactory evacuation of the exudate 
and presenting ideal conditions for reexpansion of the lung theoretie- 
ally, therefore, constitutes the best available means of treating large 
empyemas. The objection to most closed systems of drainage is that 
adequate provision does not exist for the escape of pus. With the 
use of a large tube the advantages of freer drainage obtained by open 
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drainage can be secured for this plan. My associate, Dr. Herbert A. 
Carlson, has combined these advantages in the employment of a large 
tube as shown in Fig. 4. 

Technic.—A rib is resected under local anesthesia; an incision is 
made in the posterior layer of the periosteum and pleura; and the 
tube is inserted at the most dependent portion of the empyema cavity. 
The muscles and skin are closed moderately tightly about the tube. 
The tube is drawn through a synthetic rubber sponge, and vaseline 


Water-syphon suction apparatus 


Daiversity Hospital- University of Minnesota 
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Fig. 5.—The closed system of drainage in operation. The insertion of a mercury 
manometer to the exit tube from the chest is highly essential to insure that a proper 
subatmospheric pressure is being maintained within the cavity. The employment of a 
water syphon implies that the system is closed and’that there are no leaks through 
a fistula or the wound. (In the presence of leaks of whatever origin, a Sprengel 
water pump affords a satisfactory source for suction. In order to regulate the force 
of the suction, a glass cannula connecting with the atmosphere and submerged be- 
neath the desired level of water in a bottle must be inserted into the circuit.) 


is freely applied over the skin and to the inner surface and the sides 
of the sponge. A liberal gauze dressing is applied and fastened by 
strapping with wide adhesive tape. In turn an elastic ‘‘Ace’’ band- 
age is wound around the chest over the dressing (Fig. 5). If this 
dressing has been carefully applied and no bronchial fistula is present, 
a tight system is readily established which will remain so for a week 
or more at a time, without change of dressing. The appropriate time 
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for the insertion of this large tube into the chest is when the exudate 
has become so thick that it ean no longer be readily removed by needle 
aspiration or through an intercostal catheter. 

The collection of exudate in a closed receptacle obviously also pre- 
sents advantages over the well-known messy dressings of open drain- 
age. When the patient is afebrile and films show a satisfactory ex- 
pansion of the lung and the admission of atmospheric pressure to the 
pleural space does not cause the lung to pull away from the chest 
wall, closed drainage may be discontinued. 

When an air-tight system is present, the simplest type of suction 
available is a water siphon, such as has long been employed at the 
University Hospital in the treatment of intestinal distention. If, how- 
ever, a bronchopleural fistula is present or if an air-tight dressing is 
not obtained, a Sprengel water pump must be used to maintain nega- 
tive pressure continuously. 

As long as the cavity present is so large that the tube does not 
actually come in contact with the lung at any one point, it is apparent 
that the negative pressure maintained by the suction is everywhere 
the same throughout the cavity. With the employment of mild sue- 
tion (-10 to —25 centimeters of water pressure depending upon the 
patient’s reaction) bronchial fistula resulting from suction need not 
be feared as long as the lung does not actually come in contact with 
the tube. 

The Role of Suction in Chronic Empyema.—Unless one has tried the 
effect of the maintenance of slight negative pressure in the expansion 
of the lung in chronic empyema, he may be disinclined to believe that 
it may have any virtue. Obviously, it would be futile to try to reexpand 
the lung by suction when on the x-ray film one plainly sees evidence 
of considerable thickening of the visceral pleura. In a number of 
instances, however, it is surprising to see what may be accomplished 
by negative pressure maintained in the cavity. Far more frequently 
than in acute empyema one finds, however, after suction has been in 
force for some time and the lung has reexpanded that the admission 
of atmospheric pressure to the pleural space results in collapse of the 
lung. This occurrence is probably to be anticipated in that immediate 
agglutination between the relatively inert thickened parietal and 
visceral pleurae is scarcely to be expected. In one instance (Fig. 6) 
I succeeded in reexpanding almost completely within the course of 
a few minutes a lung which had been collapsed for almost three years. 
This empyema was atypical in that there had not been much drainage 
in this interval. Very little connective tissue thickening of the vis- 
ceral pleura was likewise present as is apparent in the roentgen film. 
After suction had been applied for some time and it was observed that 
the lung receded with the admission of atmospheric pressure to the 
thorax, two ampules of invertose, a solution employed in the oblitera- 
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tion of varicose veins, were injected into the pleural space and on 
another occasion a few cubic centimeters of tincture of iodine; still, 
after the continued maintenance of a negative pressure for an addi- 


A. B. 














C. D. 

Fig. 6.—An instance of chrcnic empyema in which suction brought about almost 
immediate expansion of the lung, but. the lung collapsed again after the admission of 
atmospheric pressure to the pleural space. 

AS — large encapsulation, probably interlobar, present on admission, September 
22, 1930. 

B, The same in the erect posture. Open drainage was established. 

C, Ten months later, July 22, 1931. Despite dependent drainage, the lung has not 
expanded. 

D, Almost three years later, March 31, 1934. A tube is inserted to try to expand 
the lung by the establishment of subatmospheric pressure within the cavity. 


tional period of more than two weeks, during which time roentgen 
films demonstrated the lung to be completely expanded, when air was 
onee more admitted, the lung collapsed again. The formation of ad- 
hesions between the parietal and visceral pleurae alone: can be de- 
pended upon to hold the lung out. It is not unlikely, however, that 
suturing of the lung to the parietal pleura or the expedient of apply- 








WANGENSTEEN : TREATMENT OF EMPYEMA 411 


ing an irritating pack over a portion of exposed parietal pleura, if the 
latter is not too thick, may not cause a lung which may be so mobilized 
to adhere, when the measures mentioned above failed. This is a mat- 


Ez. fe 





Gd. H. 


Fig. 6.—E, Taken ten minutes after D, negative pressure being meanwhile exerted 
by means of suction (—20 centimeters of water). 

F, Taken a few minutes after HE, the heart is perceptibly smaller and drawn to 
the left. The cavity is almost obliterated. 

G, After negative pressure had been maintained for somewhat more than two 
weeks, the lung is almost totally expanded. The rubber sponge is visualized at the 
left border of the film. 

H, A few days after suction was discontinued ; the lung failed to adhere, 


ter of more than academic interest, for it is apparent that otherwise 
a very extensive rib resection and unroofing will have to be done to 
obliterate the cavity. 


COMMENT 


The most appropriate manner of establishing drainage in empyema 
has long been a matter of debate, and there probably never will be 
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common agreement upon any one method. Men have employed and 
undoubtedly always will employ different means to achieve the same 
end. As long as the fundamental principles relating to drainage and 
lung expansion are embodied in the plan of treatment in empyema, 
the exact manner of execution is of lesser import. 


Historically, closed systems of drainage have long been employed 
in the treatment of empyema. Graham and Berck’ in a recent timely 
paper entitled ‘‘Principles Versus Details in the Treatment of Acute 
Empyema’’ called attention to the fact that prior to the advent of 
aseptic surgery, needle aspiration was not infrequently practiced. 
In response to an inquiry from an unnamed physician, published in the 
British Lancet December 9, 1843, who solicited information as to the 
best course to pursue in the treatment of a patient with empyema, 
whom he had under his care, Henry Bennett? in a letter addressed 
to the editor distinguished clearly the risks of open pneumothorax 
from tapping the chest with a trocar. Papers soon appeared from 
the pens of several authors attesting the virtue of closed trocar drain- 
age in bringing about cure in cases of empyema.* * * 7° 

Iselin’? credits Potain as having been the first in 1869 to practice 
continuous intercostal drainage by the closed method. Water-seal 
intercostal drainage was described by Hewett’ in 1876, and again by 
Biilau* in 1891; though the latter had employed the method since 1876 
at Hamburg in the treatment of empyema. In 1889, Storch’® recom- 
mended the employment of water siphonage, a method that affords 
an active source of suction and which has become widely used at the 
bedside for a number of purposes. The significance of maintenance 
of subatmospherie pressure for expansion of the lung in the drainage 
of empyema was apparently first fully appreciated by Revilliod.** In 
1872, he reported before the Geneva Medical Society results which 
had been obtained in the treatment of empyema at the Canton Hos- 
pital in Geneva over a two-year period by the employment of siphon- 
age obtained through the use of a rubber valve of special construc- 
tion.’ '° He is said to have employed a bottle and a balloon, perhaps 
not unlike that illustrated in this paper, to indicate to his students the 
physieal factors concerned in drainage of the pleural cavity and ex- 
pansion of the lung. I have found such a model well adapted for the 
testing of the verity of any impression -or conclusion that I may have 
formed relating to the mechanism of drainage and lung expansion 
as well as for purposes of demonstration in the teaching of students. 

Perthes,"’ in 1898, was apparently the first to bring the advantage 
of freer drainage to the closed method by resecting a rib and inserting 
a large tube much in the manner of the method described above. 

The type of empyema observed during the World War compelled 
a renewedeinterest in the employment of closed drainage for the 
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avoidance of pneumothorax. Though not of the same significance 
as is closed drainage for the safety of the patient in the evacuation 
of exudate, when no other method will do, closed drainage still pro- 
vides an adjunct in the reexpansion of the lung in large empyema 
cavities not afforded in any other mode of treatment.* 


SUMMARY AND CONCLUSIONS 


The role of the surgeon in dealing with empyema concerns itself 
with the establishment of drainage and reexpansion of the lung. 
Measures which provide for avoidance of ill consequences of open 
pneumothorax are mandatory in any plan of drainage. Measures 
which assist the reexpansion of the lung in large empyema cavities 
constitute a desirable feature to be incorporated in the treatment. 
The physical factors relating to drainage and reexpansion of the lung 
are critically examined. 
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*Dr. Deryl Hart has for several years advocated “tidal irrigation and suction” in 
the treatment of empyema—a variant of maintained negative tntraplourat pressure in 
which suction and irrigation are frequently alternated, 








SPINAL ANESTHESIA IN THORACOPLASTIC OPERATIONS 
FOR PULMONARY TUBERCULOSIS* 


Haruan F. Newton, M.D. 
Boston, Mass. 


HE success or failure of thoracoplastie operations for pulmonary 

tuberculosis in large measure depends upon a wise selection of the 
anesthetic used. The choice of an anesthetic for these operations has 
been somewhat a matter of individual or national preference. Obviously, 
patients with tuberculosis in any location and particularly with exten- 
sive disease of one or both lungs are below par, and more care should be 
exercised in choosing an anesthetic for them than in almost any other 
substandard risk. Experiences with anesthesia have kept pace with the 
marked advances in the technie of thoracoplastie operations for pul- 
monary tuberculosis, and we should profit by them. I wish.to report 
the successful use of spinal anesthesia in sixteen such patients. 

The requirements of a satisfactory anesthesia are: safety, universal 
applicability, optimal relaxation and relief of pain, minimal organic 
irritation, ease of administration, and freedom of shock.t In the patient 
suffering with pulmonary tuberculosis postoperative pneumonia is a fre- 
quent and serious complication. Patients selected for thoracoplasty 
usually have extensive disease with cavitation, and these cavities ac- 
cumulate and contain secretion and exudate no matter how much pre- 
operative care is exercised to empty the lungs. Hence, in these patients 
the anesthetic employed must in addition be nonirritating to diseased 
lungs, and, if ideal, it must not abolish the cough reflex, prevent ex- 
pectoration and cause flooding of undiseased portions of lung with ex- 
pressed exudate. With gerieral narcosis, Coryllos? even advises intra- 
tracheal anesthesia with constant suction to prevent this occurrence. 
Last, the anesthesia must insure an adequate amount of oxygen to 
these patients, whose vital capacity and respiratory function are in- 
variably depressed. 

A brief discussion of some of the anesthetics used and how ideally they 
satisfy these requirements is pertinent. Up to 1924,5 for general narcosis 
in thoracoplasties for pulmonary tuberculosis, ether or ether-chloroform 
mixture was commonly used in Europe (Sauerbruch,‘ Bull®), sometimes 
in conjunction with local anesthesia. The danger and irritative effects of 


*From the Surgical Service, Peter Bent Brigham Hospital, Boston, and Middlesex 
County Sanatorium, Waltham, Mass. 
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ether or chloroform when used in the presence of pulmonary disease are 
well known and make them undesirable. Even at that time local novo- 
caine-suprarenin anesthesia and nitrous oxide oxygen analgesia was pre- 
ferred in America particularly (Archibald,’ Hedblom’), and by other 
surgeons nitrous oxide oxygen alone (Shortle and Gekler,® Riviere and 
Romanis,® Smith*®). Local infiltration and intercostal block anesthesia 
with novocaine has not from extensive experience proved wholly satis- 
factory. While it possesses the advantages of not abolishing the cough 
reflex and thus lessening the aspiration of secretions nor of producing 
pulmonary irritation or suboxygenation, yet it has definite disadvantages. 
Some of these notably were frequently imperfect anesthesias requiring 
reinforcement with general narcosis, the possibility of perforation of a 
tuberculous pleura with the injection needle, hypersensitivity to large 
amounts of novoecaine injected, and psychie disturbances or dread of 
the operations in particularly nervous patients brought on largely 
through imperfect anesthesia. 

The objectionable features of local anesthesia have been minimized 
by the use almost universally today of local anesthesia in conjunction 
with a general anesthetic, either nitrous oxide oxygen or ethylene, or a 
combination of both. Less of both agents is thus required. The local 
anesthesia reduces shock from operative traumatism and prepares the 
patient to undergo the operation under much lighter general narcosis 
than otherwise would be necessary. 

For some years I have used local anesthesia with nitrous oxide oxygen 
analgesia by the closed metric method in thoracoplasties for pulmonary 
tuberculosis. While as an inhalation anesthesia it is nonirritating to the 
airways or vital organs, is not explosive, is the least unpleasant (being 
without odor), with a quick recovery of consciousness—from the sur- 
geon’s standpoint, particularly, I have not been entirely satisfied with 
it. To obtain adequate surgical muscular relaxation the desired nitrous 
oxide analgesia often had to be pushed to anesthesia. This meant aboli- 
tion of the cough reflex with the dangers incident to it. Particularly, I 
have many times observed a varying degree of cyanosis. This inadequate 
supply of oxygen to the tissues, even though oxygen in abundant quantity 
and little or no gas have been given after anesthesia has been established, 
is very deleterious to the patient. It further causes excessive blood loss 
by oozing from the necessarily large operative wound and traumatized 
tissues and beyond being a technical hindrance to the surgeon has 
markedly increased shock in many eases. Occasionally hyperventila- 
tion and irregular jerking respiratory movements, all of which may re- 
sult in the activation of latent tuberculous foci, have been observed as 
mentioned by Gale." 

Ethylene possesses the same advantages of nitrous oxide except for its 
slightly unpleasant odor and explosiveness, and, in addition, it causes 
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less sweating and heat loss and lowering of the vitality as shown by 
Cabot and Davis.'? An anesthetic level 15 per cent deeper can be 
reached with ethylene than with nitrous oxide, and the patient rarely 
demonstrates an inadequate oxygen supply." I have had no experience 
with ethylene, nor with its newer, more recent cousin of inhalation anes- 
thesias, cyclopropane. 

Tribromethanol (avertin) I have used in twenty-three thoracoplasties 
on fourteen patients with extensive pulmonary tuberculosis. The dose 
used has varied between 80 and 100 mg. per kilogram of body weight, 
with preliminary pantopon 0.030 gm. given one hour before operation. 
I recognize that induction for the patient is pleasant, the patient falling 
asleep with no respiratory difficulties as with an inhalation anesthetic. 
Memory is also dimmed, and there is no psychie disturbance. While im- 
mediate postoperative pain is absent or minimal, the patient often did 
not awaken nor promptly empty his lungs for several hours after the 
operation. With avertin I have observed varying degrees of depression 
of the blood pressure in these patients, no cyanosis, yet marked diminu- 
tion of respiratory minute volume, requiring constant supply of oxygen. 
Further, in no case have I obtained true surgical anesthesia or adequate 
muscular relaxation with avertin alone in this dosage and have had to 
resort to reinforcement of the avertin with nitrous oxide and oxygen. In 
so doing, the possible disadvantages of a double anesthetic as well as 
those of an inhalation anesthesia mentioned previously are introduced. 
Except for the advantages therefore in induction, I have felt that avertin 
at present in my hands has little to recommend it over local anesthesia 
with nitrous oxide oxygen anesthesia. 

A single anesthetic is more controllable, its merits and effects upon the 
patient are more readily and accurately judged by the surgeon, and is, 
in most eases, preferable. Bettman and Biesenthal'*® and Flick'* have 
performed extrapleural thoracoplasty under spinal anesthesia in seven 
cases each. Their reported experience in these small series of cases was 
gratifying. 

There are many large reported series of the successful use of spinal 
anesthesia in upper abdominal operations. My experience similarly has 
been encouraging. Further, it has frequently been observed by myself 
and others that spinal anesthesia for upper abdominal operations has 
been oceasionally accompanied with anesthesia of the lower two-thirds 
of the thorax and even higher without deleterious effects. When fatality 
oceurs with spinal anesthesia, it is immediate and dramatic. The harm- 
ful effects of inhalation anesthesia are seen remotely. It is not sur- 
prising, therefore, that I approached the use of spinal anesthesia for 
thoracic operations guardedly and only after acquaintance with some of 
the known physiologic principles involved, knowledge of technic and 
means of control of vital function. In 1931 and 1932, I administered 
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spinal anesthesia in twenty-eight thoracoplastic operations on sixteen 
consecutive patients with pulmonary tuberculosis selected for surgical 
compression therapy. 

PHYSIOLOGIC CONSIDERATIONS 


An understanding of some of the known physiologic effects and dangers 
of spinal anesthesia was essential in the administration of this type of 
anesthesia. In their extrathecal courses the injection of nerves is difficult 
and uncertain, but their injection in the subarachnoid space is simple and 
certain. All the nerves in the body traverse this space, and for a short 
part of its course every nerve is surrounded by cerebrospinal fluid. The 
injection anesthetic acts therefore on the nerve roqts only, and con- 
ductivity of the nerve is not abolished in all respects immediately, but 
power to convey the different types of stimuli disappear usually in a 
certain order (Wright'®). Epieritie fibers are first blocked so that the 
patient is conscious of deep pressure but not of pain; temperature sensa- 
tion and sympathetic fibers are then interrupted; and last, motor fibers 
and fibers conveying deep sensation may be anesthetized. Many authors 
have described with spinal anesthesia the selective action of novocaine 
on nerve constituents, sensory and motor, due to the anatomical dis- 
positions of the nerve roots in the theea and the anatomical division of 
the theea itself into imperfect anterior and posterior compartments. 

Clinically, immediate death from spinal anesthesia has been the chief 
cause. for hesitancy in the adoption of this form of anesthesia more uni- 
versally. With present-day standard novocaine preparations harmful 
drug toxicity has been largely removed. That death oceurs from respira- 
tory paralysis and associated circulatory depression seems certain ex- 
perimentally and clinically (Thompson,” Ferguson and North,** Seevers 
and Waters,’* Smith and Porter,?* Bower, et al.*°). Excessively high 
novocaine concentrations are required to produce direct action on the 
medullary centers by diffusion of the drug to the fourth ventricle, 7 * 
and this cause of fatality can therefore be excluded from serious con- 
sideration. Ascending block of all the intercostal and phrenic nerves 
causing interference with chest expansion and diaphragmatie excursion is 
the chief cause of fatality with high spinal anesthesia.'” 2° 7? The collee- 
tion of blood in the splanchnic area is of importance in the associated fall 
of blood pressure with all spinal anesthesia; but this respiratory paralysis 
as shown by these authors experimentally and clinically produces an 
associated dilatation of the heart, damming back of venous-blood in the 
right heart, and insufficient nutrient flow of blood through the central 
respiratory mechanism secondary to cardiovascular depression. 


TECHNIC OF SPINAL ANESTHESIA 


The technie of spinal anesthesia as employed by me was similar in 
large measure to that described by Flick’ and Bettman and Biesenthal.* 
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A small dose of one of the hypnotics usually of the amytal compounds 
was given the evening before operation to insure a good night’s rest. In 
the first few operations morphine 0.010 gm. and scopolamine 0.0003 gm. 
subeutaneously were given one hour preoperatively. In the majority of 
operations, namely, nineteen of the twenty-eight, pantopon was used sub- 
cutaneously. In most instances the dose was 0.030 gm. one hour before 
operation, but in some nervous, particularly apprehensive patients 0.020 
em. pantopon was given one and a half hours preoperatively and re- 
peated one hour later. My observations of the effect of such pantopon 
preparation were entirely satisfactory. Ten or fifteen minutes before 
inducing spinal anesthesia 0.050 gm. ephedrine hydrochloride was given 
intramuscularly. In five operations early in this series ephedrine was 
not given until just after spinal anesthesia was administered. In these 
cases, within five minutes after spinal anesthesia, the systolic blood 








Fig. 1.—Position of patient on operating table for giving spinal anesthesia. Side to 
be operated upon lowermost, 15 degrees Trendelenburg, knees flexed. 


pressure had fallen between 30 and 40 mm. of Hg, the pulse pressure 
falling only 10 mm. of Hg, and the pulse remained essentially stationary. 
My rule, therefore, was always to administer ephedrine before giving 
spinal anesthesia, as emphasized by Ockerblad and Dillon,’ Wright,’® 
Seevers and Waters,!” '* and others. The patient was placed on the 
operating table with the side to be operated upon lowermost (Fig. 1). 
Spinal puncture was made between the second and third lumbar verte- 
brae, and 3 or 4 «ec. of spinal fluid were withdrawn to dissolve the 
neocaine crystals. In three operations 150 mg., in six operations 200 mg., 
and in nineteen operations 250 mg. of such neocaine solution were used. 
A dosage of 250 mg. in the average adult, irrespective either of body 
weight which was the factor influencing the use of smaller amounts in 
our first cases, or of whether the operation was on the upper or lower 
thorax, was found to be ideal surgically and without harmful effect upon 
patients. A 10 ¢.ec. syringe containing the neocaine solution was attached 
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to the spinal puncture needle and more fluid withdrawn to the 8 e.c. 
mark. Barbotage was employed, one-half of the amount being injected 
with some force, spinal fluid withdrawn to the 6 ¢.c. mark, one-half of 
this similarly injected, and after withdrawal of spinal fluid to the 4 e.c. 
mark, this remaining amount injected. The needle was immediately with- 
drawn and with the patient still lying on the to-be-operated side, the 
table was tilted, head low, about 15 to 20 degrees and the ascent of 
anesthesia checked. When anesthesia of the skin of this side had reached 
the desired level, the patient was placed in a prone position for opera- 
tion. Intermittent inhalations of oxygen and carbon dioxide (10 per 
cent) were routinely used after injection of the anesthetic and during 
the operation. Ephedrine 0.050 gm. was repeated if the systolic blood 
pressure fell 20 mm. Hg or more. Careful observations of blood pres- 
sure, pulse, respiration, and color were made throughout the operation. 

To eliminate as much as possible any danger to the respiratory and 
circulatory mechanisms, four points in our administration of high spinal 
anesthesia in these cases bear emphasis and repetition. Ephedrine 0.050 
gm. should always be given intramuscularly ten to fifteen minutes before 
the anesthetic, and repeated later if circulatory depression occurs, to 
effect an increase in circulatory peripheral resistance and an inerease in 
eardiae output.’> 171° The inhalation of an oxygen-rich air with small 
concentration of CO, following high spinal anesthesia further aids in 
improving the cireulatory condition.’ ** The patient should lie on the 
table with the side to be operated upon down during administration of 
the anesthetic, and until the anesthesia has reached the desired height. 
The head of the table is kept down at an angle of 15 to 20 degrees during 
the administration of anesthesia and the performance of operation. In 
most of my cases I observed no motor intercostal paralysis of the upper 
half to two-thirds of the sound hemithorax when the patient was turned 
into the prone position for operation. 


SELECTION OF PATIENTS 


As a more accurate test of spinal anesthesia in thoracoplastie opera- 
tions, the patients operated upon were sixteen consecutive cases selected 
for this surgical ecmpression therapy without consideration of the anes- 
thetic to be employed. No patient was advised to undergo thoracoplasty 
until after careful review of his case with tuberculosis experts and 
surgeon. General indications for extrapleural thoracoplasty were fol- 
lowed as discussed by Alexander* and others. Nine patients were males; 
seven patients were females. The patients were between twenty-one and 
fifty-four years of age. No consideration of race was made, patients of 
Negro, Irish, Italian, Swedish, and English extraction being in the series. 
All patients were cases of essentially unilateral extensive pulmonary 
tuberculosis, eight of the right lung and eight of the left, of at least 
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one year’s duration. All had received prolonged sanatorium care with 
some improvement in general condition, except in two eases, but still had 
extensive unilateral pulmonary cavitation and disease (Figs. 4 and 5 A). 
Sputum was always positive and ranged from 30 ¢.c. to 240 ¢.c. in twenty- 
four hours. Six had apical and upper lobe stationary but active disease 
in the contralateral lung. Two patients had had chronic mixed infection 
tuberculous empyema which had been drained over a long period, and 
the pleural cavity, while clinically clean, showed no tendency to oblitera- 
tion by reexpansion of a diseased imprisoned lung. In fourteen patients 
artificial pneumothorax had been tried and was impossible to induce or 
was ineffective. Four left and one right permanent phrenic neurectomies 
had been performed on the more diseased side with little or no benefit. 
Two patients had extensive old tuberculous laryngitis. One patient, 
aged twenty-nine years, had moderate chronic cardiac valvular disease 
with mitral and aortic insufficiency with no history of decompensation 
nor limitation of activity from a cardiae standpoint. One patient had 
had a subtotal thyroidectomy fora toxie exophthalmie goiter five years 
previously. While her metabolism at the time of thoracoplasty was 
+6 and +3, she showed marked nervous instability, apprehension, and a 
pulse which often rose to 160 beats per minute during examination of 
her chest only. Except for a systolic apical murmur there was no marked 
toxie cardiac damage demonstrable. In neither of these cases was a 
general anesthetic such as nitrous oxide oxygen to be desired. Both had 
total unilateral fibrocavernous pulmonary tuberculosis. No patients in 
this series had bone and joint or kidney disease, pregnancy, insanity, or 
diabetes. 
OPERATIONS PERFORMED 

Paravertebral extrapleural thoracoplasty was performed in twenty- 
six instanees; Sehede ‘‘unroofing’’ thoracoplasty anterolaterally for 
chronic mixed infection tuberculous empyema twice. All of these 
thoracoplastie operations were performed in 1931 and 1932. At that 
time I was performing total paravertebral extrapleural thoracoplasty, 
usually in two stages, reserving the three-stage operation—now used 
generally in America—for the patients who were poorer operative risks, 
such as the patient with chronic cardiac valvular disease. Four of the 
operations were partial paravertebral extrapleural thoracoplasties with 
subperiosteal resection of long segments of the upper four ribs (1), five 
ribs (1), and six ribs (2) (Fig. 6). 

In these posterior extrapleural operations the patients were either in 
the completely prone or in the semiprone position, a small pillow under 
the pelvis and lower abdomen, operating table at an angle of 15 to 20 
degrees Trendelenburg. and upper extremity hanging over the edge of 
the table occasionally with a sling to support the forearm (Figs. 2 and 
3). I consider this position essential if spinal anesthesia is used, and 
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use it routinely with all anesthesias for posterior thoracoplasty for pul- 
monary tuberculosis, finding it an aid and not a hindrance to operative 
technic. With the division of the upper axillary portions of the serratus 
magnus, exposure of the upper ribs was excellent, the scapula falling 
away from the operative field when freed and requiring little retraction. 
In lower stage operations the upper extremity was sometimes held against 
the side of operation. This position, with head down, further conserved 
circulatory tone and made expectoration easy. A sandbag under the 
shoulder of the ‘‘good side’’ raised the good hemithorax slightly and 
allowed freer respiration and greater comfort to the patient (Fig. 3 B). 
The incisions for the two-stage total operation were those universally em- 








Fig. 2.—Prone position of patient on operating table for posterior thoracoplasty un- 
der any anesthesia, particularly spinal. Note upper extremity hanging comfortably 
toward the floor, bringing scapula well laterally. Incisions for exposure of the upper 
and lower ribs are shown. 
ployed (Fig. 2). In the first stage the upper six ribs were usually re- 
sected and in the second stage the lower four or five ribs. Ribs were 
removed extrapleurally, and therefore subperiosteally, close to their re- 
spective vertebral transverse processes. Long segments were taken of 
the upper ribs particularly, where the greatest amount of disease existed. 
The shortest segment of the all important first rik removed was 5 em. 
These extrapleural thoracoplasty wounds were closed, as has been my 
custom for some time, without drainage by continuous individual muscle 
and interrupted skin suture. Only one patient required evacuation of 
some serum in the wound by needle and syringe after the second and 
lower stage operation. A voluminous dressing was placed on the wound 
after operation, and the chest was supported by broad adhesive strips 
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and chest binder. The supine position, or on the operated side with a 
small pillow under the axilla, was the rule postoperatively and for the 
first week, and the coughing and raising of sputum was always en- 
couraged and aided. The foot of the bed was elevated postoperatively 
for three to four hours after sensation and motion in the lower extremities 
had returned and the general condition of the patient was good. After 
twenty-four hours patients were allowed to be in slight Fowler’s position. 
Usually in between four to six weeks the patient returned to the 
sanatorium for at least four to six months continued supportive anti- 
tuberculosis therapy. 


OBSERVATIONS OF SPINAL ANESTHESIA IN MY PATIENTS 


Pain—In all twenty-eight thoracoplastic operations upon sixteen 
patients, complete anesthesia of the thoracic operative field was pro- 
duced. Where 250 mg. of neocaine solution was used, the anesthesia re- 
lieved all pain, gave optimum muscular relaxation surgically, and the 
duration of thoracic anesthesia was between one and two and a quarter 
hours. In three operations in which 150 mg. (2) and 200 mg. (1) of 
drug were used, very light nitrous oxide oxygen analgesia was given at 
the end of the operation for a short time only to effect a painless wound 
closure. 

Vascular System.—In no patient or operation was cyanosis or sub- 
oxygenation of tissue observed when anesthesia was produced, nor dur- 
ing operation itself. There was always a gratifying reduction of bleed- 
ing in contrast to our experiences with other anesthetics. 

As already stated, in five operations early in this series before my 
technic was standardized, and in which ephedrine hydrochloride was not 
given until spinal anesthesia was administered, there was observed an 
immediate fall of between 30 and 40 mm. Hg systolic blood pressure with 
a stationary pulse rate. In the other twenty-four thoracoplasties in 
which the technic of spinal anesthesia as described above was used, there 
was no change or less than 10 mm. Hg fall in systolic blood pressure in 
fourteen operations. A systolic fall of 20 mm. Hg. or less in two, and 
40 mm. Hg or less in eight operations was observed. . These changes in 
blood pressure always occurred ten to fifteen minutes after injection of 
the anesthetic solution. In all eases in which a fall in blood pressure 
level was observed, ephedrine in 0.050 gm. dosage, intramuscularly, given 
immediately, caused a return of the blood pressure to essentially the 
preanesthetic level within ten to fifteen minutes. Where such fall of 
systolic blood pressure occurred there was also an almost equal depression 
of diastolic blood pressure, such that the pulse pressure remained the 
same or was very slightly diminished (10 mm. He). 

The pulse rate was cf greater importance than the blood pressure. 
For as is well recognized, a falling blood pressure and falling pulse rate 
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ean only mean that the patient’s safety is threatened. In my whole 
series of twenty-eight operations, the pulse rate remained stationary 
within five beats in sixteen, rose ten to fifteen beats in eleven, and fell 
forty beats in one. The elevation of pulse rate as blood pressure fell in 
eleven operations was coincidental and furthermore reasurring. The 
observation of a fall of forty beats in pulse rate once, occurred in the 
first operation on the patient with postoperative thyrotoxicosis. Her 
pulse rate before anesthesia was 160 beats per minute due to nervous- 
ness. There was little change in the blood pressure after spinal anes- 
thesia was given, and the decrease in pulse rate was therefore beneficial 
and in no way attributable to true anesthetic circulatory depression. 

The observation of a stationary or slightly elevated pulse rate with an 
essentially unchanged pulse pressure, even though there was a temporary 
postanesthetic depression of the blood pressure level in some instances, 
would indicate integrity of the vascular mechanism under spinal anes- 
thesia in my series of thoracoplastie operations. 

Respiration.—In five thoracoplasties on four patients, respiratory dif- 
ficulty and slight ‘‘air hunger’’ for about one to five minutes occurred 
ten to fifteen minutes after the anesthetic was given. Previous paralysis 
of the left diaphragm by phrenicectomy had been done in one of these 
patients, and respiratory symptoms in both operations on him were the 
severest seen. These cases were also those which showed the greatest 
fall in blood pressure level synchronously with respiratory symp- 
toms.'7 2% In most of the operations I did not observe evidence of 
paralysis of the upper five or six intercostals of the sound hemithorax; 
in those showing respiratory embarrassment I did. Breathing became 
effortless and normal in one to five minutes with ephedrine, oxygen in- 
halations, and further lowering the head of the table. 

Vomiting.—Nausea and vomiting occurred thrice soon after spinal 
anesthesia was given. It was of no real importance and was readily re- 
lieved by cold cloths to the forehead, in addition to the measures just 
mentioned. Again two of the three occurrences were in the same patient 
who suffered more severe respiratory symptoms. 

Shock.—Shock, both operative and postoperative, was markedly less 
in these patients in comparison with similar patients operated upon by 
me under nitrous oxide oxygen plus novocaine and under avertin anes- 
thesia. 

Psychic Disturbance-——There is no denial that apprehension and 
mental disturbance, even though no pain is felt, form a contraindication 
to the use of spinal anesthesia in thoracoplasty. Each patient was ac- 
quainted briefly with what was to be expected from spinal anesthesia 
and consented to its administration. The noises of an operating room, 
clashing of instruments, cutting of ribs, retraction of tissue, and words 
of the surgical team, cannot help but create some anxiety on the part 
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of any conscious lay individual. Certainly such anxiety is, I believe, less 
with spinal anesthesia than with novocaine local and intercostal block 
anesthesia. Bettman’ used inhalation anesthesia in one stage and 
spinal anesthesia in another in all his seven eases, and stated that patients 
were emphatic in their preference for spinal. Possibly his patients were 
of the phlegmatic type nervously. From my experience, I do not believe 
in using spinal anesthesia routinely in thoracoplasty but only in patients 
with considerable mental poise. 

General.—I observed no harmful effects organically from the use of 
novoeaine spinal anesthesia nor in its repetition about two weeks later 
on the same patient. It did not cause abolition of the cough reflex and 
hinder expectoration of sputum, of great importance in some of the 
patients who had 90 to 240 gm. of sputum daily. There was no irrita- 
tion or damage to the patient’s lungs, either immediate or remote. No 














A. B. 


Fig. 4.—A, Before operation. Total left pulmonary tuberculosis with honeycomb 
cavitation of two years’ duration in a twenty-five-year-old woman. Minimal right 
apical disease with signs of activity, 40 ¢.c. positive sputum. B, Twenty months after 
total posterior thoracoplasty in two stages under spinal anesthesia. No sputum. Note 
the improvement in the right apex and hilum regions. 


ease of postoperative pneumonia occurred in this series. I believe it 
lessened trauma operatively, and there were no postoperative wound 
infections. Electrical apparatus could be used, and postoperative dis- 
comfort was lessened. 


RESULTS 


Results of thoracoplasty for pulmonary and pleural tuberculosis under 
spinal anesthesia in this series of sixteen patients shows at the end of 
two years: 


Clinically arrested 10 or 62.5% 
Clinically improved 5 or 31.38% 
Patients made worse by operation lor 6.2% 


Deaths from any cause to date 0 or 0 
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By ‘‘elinically arrested’’ is meant negative sputum, cavities in the 
lung closed, discharged from the sanatorium and able to work (Figs. 4, 
5 and 6 B). Of the clinically improved patients, thoracoplasty failed 
to obliterate large cavities, sputum is still positive, but their general 
condition is improved in two patients; two more patients obtained ex- 














A. B. 


Fig. 5.—A, Extensive right pulmonary tuberculosis of three years’ duration in a 
thirty-year-old woman. Note large cavity in right apex and thickened pleura in lower 
right chest from old empyema. Also moderate active disease left upper lobe, 100 to 
140 c.c. positive sputum; febrile. B, Twenty-one months after total posterior thoraco- 
plasty under spinal anesthesia; 10 to 15 cc. negative sputum. 














A. B. 

Fig. 6.—A, Localized fibrocavernous pulmonary tuberculosis of right upper lobe 
in a thirty-four-year-old man. Old inactive disease of left apex; 50 to 80 c.c. positive 
sputum. B, One year after right permanent phrenic neurectomy and one-stage pos- 
terior thoracoplasty with resection of the upper six ribs under spinal anesthesia. Now 
2 to 4 c.c. negative sputum. 


cellent surgical compression but have active contralateral upper lobe 
tuberculosis (also present at the time of operation) ; and the other patient 


I classify as improved was one with mixed infection tuberculous empyema 
as well as unilateral pulmonary tuberculosis who still has a small drain- 
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ing thoracic sinus and small unobliterated pleural space. One patient, 
eighteen days after uneventful convalescence from the second-stage 
(lower) thoracoplasty, ruptured a peripheral disease focus in the com- 
pressed lung with resultant severe mixed infection empyema. His condi- 
tion improved over a year’s time, and four months ago he underwent a 
two-stage Schede thoracoplasty. Prognosis is uncertain but improved. 
I class this patient as made worse by operation. There were no deaths, 
early or late. 
SUMMARY 


1. I report the satisfactory use of spinal anesthesia for twenty-eight 
consecutive thoracoplastic operations on sixteen patients with essentially 
unilateral, chronic pulmonary tuberculosis, two of whom in addition also 
had mixed infection tuberculous empyema of the same side. The clinical 
results at the end of two years are recorded. 

2. A brief discussion of the common anesthetics in use, of the ad- 
vantages and disadvantages in their application to thoracoplastie opera- 
tions for pulmonary tuberculosis, is given. 

3. An understanding of some of the known physiologie principles 
involved in the use of spinal anesthesia is essential in the protection of 
the patient: My technic of administration of spinal anesthesia is de- 
seribed. 

4. Patients operated upon in my series were selected not from the 
standpoint of the anesthetic to be used but only from consideration of 
their pulmonary disease, general condition, and advisability of the in- 
stitution of major surgical compression therapy. I believed this a 
more accurate test of the application of spinal anesthesia. 

5. Important features in operative technic for these patients are briefly 
discussed. : 

6. There was no change in circulatory function as gauged by pulse 
and blood pressure in one-half of my operations. 

7. A stationary or slightly elevated pulse rate (ten to fifteen beats), 
with an essentially unchanged pulse pressure (maximal decrease of 10 
mm. Hg), even though there was a temporary postanesthetie depression 
of the blood pressure level in half of the operations performed, would 
indicate integrity of the vascular mechanism under spinal anesthesia. 

8. Respiratory embarrassment was seen in five anesthesias on four 
patients, which was synchronous with blood pressure level fall.17 2% 2% 24 

9. Optimum surgical anesthesia of operative field, lessened bleeding, 
trauma and suboxygenation of tissue at time of operation, diminished 
postoperative discomfort and shock, and no abolition of cough reflex are 
some of the advantages I observed from spinal anesthesia. 

10. I recommend that spinal anesthesia be used not indiscriminately 
for thoracoplasty for pulmonary tuberculosis but only advisedly and in 
patients with mental poise. 
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ANATOMY OF THE DIAPHRAGM* 


P. E. TrRuespAue, M D. 
Fauu River, Mass. 


HE diaphragm is a broad, relatively thin, fibromuscular partition 

dividing the two great body cavities. It forms a thin lamella arching 
over the abdominal cavity. On its under surface it is covered by perito- 
neum and on its upper surface by the pleura. The muscular layer be- 
tween the pleura and the peritoneum contains the nerves and the blood 
vessels. It is composed of muscle fibers throughout its major portion 
surrounding the aponeurosis, which is a large semicircular expanse of 
fibrous tissue. 

The diaphragm bulging upward projects into the thoracie cavity 
somewhat higher on the right side than on the left. It is in relation 
with the pericardium, the lungs, and the periphery of the chest wall; 
below it is related to the liver, stomach, spleen, kidneys, suprarenal 
glands, duodenum, and pancreas. The peripheral origin is from the 
sternum, ribs, vertebral column, and an extensive insertion into the 
central tendon. It derives its origin (1) anteriorly from the posterior 
surface of the xiphoid process by two muscular slips directed backward; 
(2) laterally (pars costalis) from the deep surface of the lower six 
costal cartilages on each side by museular bands which interdigitate 
with those of the transversalis muscle; (3) posteriorly (pars lumbalis) 
from the bodies of the first three lumbar vertebrae by the erura and 
the medial and lateral lumbocostal arches. The crura are two elongated 
fibromuscular bundles which arise on each side of the aorta from the 
anterior surfaces of the bodies of the first three lumbar vertebrae on 
the right side and from the first two on the left side. They are directed 
upward and decussate across the midline in front of the aorta, the fibers 
of the right crus passing in front of those of the left crus. The fibers 
then sweep forward, encompass the esophagus and finally cross again in 
front of the latter where they may be seen pursuing separate courses in 
the aponeurosis. 

ANTERIOR PLANE 


In Fig. 1 the anterior portion of the thoracic surface of the diaphragm 
is all that is observed except the tendons and muscular pillars which 
can be seen only on the posterior aspect. 

In the upper central portion the spinal column appears at the level 
of the ninth dorsal vertebra. Immediately adjacent to and to the left 


*Read by title before the Seventeenth Annual Meeting of the American Association 
for Thoracic Surgery at Boston, May 31, June 1 and 2, 1934. 
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of the median line is the abdominal aorta. In front of this large vessel 
is the esophagus encompassed by muscle fibers forming the pillars of 
the diaphragm. 

Anterior to these structures and forming a semicircle is the aponeu- 
rotie portion of the diaphragm which from an attachment at its central 
portion forms a triangular expansion. To the right of the median line 
is shown an elliptical opening for the passage of the inferior vena cava. 
This is surrounded by semicircular tendinous bands. 

On the right side in Fig. 1 is shown the somewhat elevated hepatic 
half of the diaphragm. On the left side is the gastrosplenice half of 
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Fig. 1.—Anterior plane of diaphragm. 


the diaphragm. On both sides the muscle fibers sweep outward, forward, 
and downward to their attachment on the seventh, eighth and ninth 
ribs. 

The psoas muscles are seen below and on either side of the spine. 
The origin and direction of the tendinous portion of the pillars of the 
diaphragm may be seen from their attachments to the bodies of the 
second and third lumbar vertebrae. 


POSTERIOR PLANE 


The most complete view of the diaphragm is obtained from the pos- 
terior aspect (Fig. 2). The vertebrae above the second lumbar have 
been removed to show the spinal gap between the bilateral muscular 
yault of the diaphragm along with the openings for the passage of the 








TRUESDALE: ANATOMY OF THE DIAPHRAGM 431 


esophagus and aorta. The second and third lumbar vertebrae have 
been chiseled out from behind to allow the pillars with their attach- 
ments to come into view. No part of the vertebrae has been preserved 
except the transverse processes and their bases, the surface of the middle 
bony table of the second vertebra and the upper edge of the third which 
serve as points of attachment. The fourth lumbar vertebra alone is left 
intact. The ribs, from the sixth downward, are cut across vertically 
in the middle of the lateral plane. Without further description the 
titles on the illustration shown in Fig. 2 indicate clearly the location 
of the important anatomical landmarks in the posterior view of the 
diaphragm. 
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Fig. 2.—Posterior plane of diaphragm. 


SUPERIOR OR THORACIC PLANE 


In Fig. 3 the parietes of ‘the thorax are divided horizontally, to ex- 
pose the thoracic surface of the diaphragm. The plane of sections 
passes posteriorly through the tenth dorsal vertebra, part of the ninth 
and tenth ribs, anteriorly through the seventh and eighth costal ear- 
tilages and the top of the lowest portion of the sternum. 

At this level some conception of the strength of the diaphragm is in- 
dicated by the bond of its muscle structure with the broad aponeurosis 
forming the central tendon. The tendinous attachment along the costal 
cartilages anteriorly accentuates the solidarity of the attachment of 
the diaphragm. 








432 THE JOURNAL OF THORACIC SURGERY 
ABDOMINAL ASPECT 


Above (Fig. 4), the trunk is represented in its entire breadth. The 
section of the external scft parts shows their relative thickness. In the 
upper portion the projection of the pectorals is portrayed, and on each 
side are the shoulders. 

In the upper central area is seen the top of the xiphoid cartilages. 
Beneath this (6) is the triangular expansion of the anteroposterior bands. 
The first four lumbar vertebrae are in evidence. To the bodies of these 
may be seen the attachment of the tendinous portions of the pillars of 
the diaphragm. The fibers attached to the bodies of the upper two 
lumbar vertebrae represent the crura 
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Fig. 3.—Superior or thoracic plane of diaphragm. 


On the left side, an adventitious slip of tendon branches off the left 
pillar and joins the aponeurosis of the psoas parvus. On each side ex- 
ternal to the principal tendon, there is another small tendon separated 
from the principal tendon by the arehed passage of the splanchnic 
nerve. The internal fibrous arch is drawn unattached; underneath is 
seen the cut extremity of the psoas. 

The external fibrous arch on the left side is isolated. Beneath it is 
the cut extremity of the quadratus lumborum. The right side shows 
the quadratus lumborum passing underneath. Above this arch on either 
side there is another small arch for the transmission of a blood vessel. 
On the left side is a slip (?) by which the two arches are inserted into 
the transverse processes of the second and third lumbar vertebrae. 
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On the right side is shown the attachment to the arcuate ligament 
(8) at the top of the twelfth rib and the aponeurosis (9) situated be- 
tween the last two ribs. 

The esophageal opening appears between the pillars. It is oceupied 
by the cut end of the esophagus. 

The course of the oblique anteroposterior tendinous band extending 
from the right leaf to the middle portion of the diaphragm is repre- 
sented on the mesial side of the vena cava (10,11). In 12, 13 a double- 
horned slip may be seen connecting the muscular fibers and forms the 
two commissures of the venous opening. On the left side posteriorly 
there is seen the middle slip of the aponeurosis which passes between 
the quadratus lumborum and the sacrospinal mass of muscles. 
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Fig. 4.—Abdominal aspect of diaphragm. 


STUDY FROM A LEFT GASTROSPLENIC SIDE 


In Fig. 5 the diaphragm is represented greatly arched from dilatation 
of the stomach. The lowest ribs, or their cartilages, are divided by 
sections in two different places; the one oblique, like the mouthpiece 
of a flute, shows the diagonal line of insertion of the muscular digita- 
tions; the other, the perpendicular, exposes the beginning of each of 
the attachments by a bundle beyond the tendon of the right pillar of 
the diaphragm projecting into view. 

The sternum is seen anteriorly, and the eighth dorsal vertebra is 
sawed through its middle. 








434 THE JOURNAL OF THORACIC SURGERY 


The third lumbar vertebra on which the extremity of the tendon of 
the right pillar is attached is observed in profile. 

Below the ninth rib are seen the tenth and eleventh ribs, also divided 
to expose the diaphragm. The anterior extremities of these ribs are at- 
tached to their cartilages in situ. 

The insertion of the diaphragm is shown along the eighth and ninth 
cartilages, and along the ninth rib. Beyond the line of insertion be- 
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Fig. 5.—Left or gastrosplenic side of diaphragm. 


tween the ninth and tenth costal cartilages there exists a triangular 
space filled with an aponeurosis. Behind, upon the extremity of the 
rib the inferior muscle bundles of the diaphragm are collected, those 
that are usually attached to the ligamentum areuatum being replaced by 
an aponeurotie expansion. 


At the twelfth cartilage the aponeurosis of the transversalis muscle 
separates it from the eleventh. 








EXPERIMENTAL THORACOGENIC SCOLIOSIS* 


J. Dewey Bisearp, M.D. 
OmaHa, NEB. 


YEAR ago I reported elsewhere’ the results of a clinical investiga- 

tion of the influence of thoracic disease and of thoracic operations 
upon the spinal column. The material for this investigation comprised 
638 patients who had been observed in the department of thoracic surgery 
at the University of Michigan. The spinal curvatures resulting from 
these causes were designated as thoracogenie scolioses and were composed 
chiefly of two general types, thoracoplasty and pleurogenie. 

This paper records the results of an investigation which had for its 
purpose the experimental reproduction of these spinal curvatures in 
animals. Immediately apparent are certain gross incongruities in com- 
parative biology which make it impossible to subject the spines of 
animals to the same disturbances of equilibrium as occur in man. Prin- 
cipal among these, the spine of the quadruped is not subjected to the 
important influence of superincumbent weight, and therefore it is not 
compelled to maintain static equilibrium. Likewise there exist important 
differences in the relative proportions of costal and diaphragmatie types 
of respiration. 


Normally, the spinal column is maintained in equilibrium by a balance 
of opposing forces which act upon its two sides. A gross imbalance of 
any constituent of these forces usually results in a deviation with the 
convexity of the curvature directed to the weaker side. These forces 
act both directly upon the vertebrae and indirectly upon them through 
the medium of the ribs. The experimental data will be presented as an 
analytie study of these forces in terms of imbalance. 


I. THORACIC WALL 


A. Muscle Imbalance.—Two series of experiments were carried out to determine 
the influence of imbalance of the principal groups of muscles which act directly or 
indirectly upon the spine. 


In the first series a total segmental hemiparalysis over a wide area was produced. 
In each of four rabbits (two months of age) the right intercostal nerves, the third 
to the tenth inclusive, were divided immediately distal to the point of emergence from 
the intervertebral formina and proximal to the posterior branches which innervate 
the erector spinae group of muscles. Exposure was gained by retracting these 
muscles laterally. In each instance the spine immediately deviated widely with the 





*From the Departments of Surgery and of Clinical Research, University of Nebraska 
College of Medicine. 


Read by title at the Seventeenth Annual Meeting of the American Association for 
Thoracic Surgery, Boston, May 31, June 1 and 2, 1934. 
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convexity of the curvature directed into the paralyzed side. Also almost complete 
immobility of the operated side was immediately apparent. 

Three of these animals died of pneumonia within forty-eight hours, and the fourth 
one died thirty-one days after operation of pneumonic consolidation of the entire 
lung of the unoperated side. For four days following operation this animal had 
great difficulty in maintaining balance; and although the curvature became pro- 
gressively less extensive, it persisted as a gross deviation up to the time of death. 
Associated with the lateral deviation there was obvious rotation of the vertebral 





Fig. 1. Fig. 2. 


Fig. 1.—Scoliosis in a young rabbit produced by division of the right intercostal 
nerves (3 to 10 inclusive) proximal to the posterior branches which supply the erector 
spinae muscles. Note dextroconvexity of the curvature and rotation deformities of 
the spine and thorax with an increase of the size of the hemithorax on the concave 
side. 

Fig. 2.—Postmortem roentgenogram of the spine of a kid goat 215 days after an 
intercostal neurectomy (right intercostal nerves 3 to 10 inclusive). The nerves were 
divided at the intervertebral foramina. There is slight but definite wedging of sev- 
eral vertebral bodies at the apex of the curvature. 





bodies. This rotation is apparent in Fig. 1, an illustration of a roentgenogram 
which was taken twenty-six days after operation. Also to be noted is the increased 
volume of the hemithorax on the side of coneavity. 

Five kid goats with ages ranging from six to twelve weeks were subjected to 
the same experimental procedure. Only two animals survived the operation for 
more than one week. All of them immediately developed very extensive curvatures 
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and for several days had great difficulty in getting up onto their feet and in 
aligning their bodies. One of the two survivors developed wound sepsis which 
healed after sequestration of a mass of muscle and fascia. In both goats the 
spine gradually straightened until at the time of postmortem examination (209 
and 215 days after operation) only a small deviation was perceptible. The post- 
mortem roentgenogram of one of the spines is illustrated in Fig. 2, and shows 
slight wedging of several vertebral bodies. 

In the second group of experiments the innervation of the erector spinae group 
of muscles was preserved. In two kid goats, approximately eight weeks of age, the 





Fig. 3. The thorax of a kid goat 120 days after the second stage of a complete 
posterolateral thoracoplasty. Note that the convexity of the small residual curvature 
is directed to the operated side. There has been marked correction of the extensive 
curvature which developed immediately after operation. 


third to the tenth right intercostal nerves inclusive were divided immediately proximal 
to the angles of the ribs. Slight but definite curvatures with the apex directed to 
the operated side developed immediately and persisted for two weeks.~ Subsequently 
the spines appeared to be perfectly straight, and postmortem roentgenograms, 200 
and 198 days after operation, showed no evidence of wedging of the vertebrai 
bodies or of spinal curvature. 

B. Rib Imbalance.—In five kid goats, approximately three months of age, ex- 
tensive posterolateral thoracoplasties of the upper eleven ribs were done in two 
stages which were divided by an interval of fourteen days. One animal died of 
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wound sepsis one month after operation. All animals immediately developed mod- 
erate curvatures with the apex directed to the side of operation. The curvatures 
were much less extensive than those resulting from paralysis of both the erector 
spinae and intercostal muscles but much more extensive than those resulting from 
paralysis of the intercostal group only. For four weeks after operation, the spines 
became progressively straighter so that only slight curvatures permanently persisted. 
A roentgenogram of the thorax of one of the animals 120 days after operation is 
illustrated in Fig. 3. 

The postmortem examination of the thoracic walls showed extensive regeneration 
of bone with fusion of adjacent regenerated ribs to form a solid plaque of bone. The 





Fig. 4.—The thorax of a rabbit 120 days after a right transpleural phrenicectomy. 
Note that the right half of the diaphragm is an interspace lower than the left un- 
paralyzed side, and also that the right half does not arch upward to form the normal 
eee of a dome. The apparent curvature of the spine is the result of oblique 
projection. 


underlying lungs were essentially normal, both grossly and microscopically, except 
for evidence of some atelectasis. 

C. Diaphragmatic Imbalance.—After several futile attempts to isolate the phrenic 
nerve in the necks of young rabbits, the nerve in five rabbits approximately eight 
weeks of age was picked up and divided within the thorax by a transpleural approach 
through an intercostal incision. After securing air-tight closure of the wounds, 
the residual air was aspirated from the pleural cavity so far as was possible. Roent- 
genograms which were taken immediately and again 120 or more days after uperation 
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constantly showed, as illustrated in Fig. 4, that the paralyzed half of the diaphragm 
occupied a lower position than the normal side (the reverse of the result produced 
in man). To exclude pneumothorax as the possible cause of this paradox, control 
experiments were done in two rabbits. Both sides of the diaphragm in each animal 
remained on the same plane after a partial pneumothorax had been induced through 
an intercostal incision. 

In the three rabbits which survived transpleural phrenicectomy, the spines main- 
tained straight alignment as determined by roentgenographic examination. 

At autopsy, 120, 180, and 182 days after operation, there were no abnormalities 
except for adhesions between the mesial surface of the lung and the pericardium 























Fig. 5.—Photomicrograph of a segment of the central portion of the paralyzed half 
of the diaphragm of the rabbit illustrated in Fig. 4. Note atrophy of muscle and its 
replacement with fat and fibrous tissue. 


in two of the animals, and gross atrophy cf the central half of each paralyzed 
half of the diaphragm in all the animals. The peripheral portion appeared to be 
normal in thickness. 

Microscopic examination of the central portions of the paralyzed diaphragms 
revealed extensive atrophy of the muscle with fatty and fibrous tissue replacement. 
An illustrative photomicrograph is shown in Fig. 5. Sections of the peripheral 
costal portions and of the central portions of the normal hemidiaphragms presented 
normal muscle tissue. ° 


II, PLEURAL IMBALANCE 


Three series of experiments were carried out in eight rabbits in an endeavor to 
produce chronic pleurisy with resultant contracture of the pleural sear. 

A. Trawmatio Pleurisy.—In two young rabbits the right pleural cavity was opened 
through an intercostal incision and the pleura was rubbed vigorously with gauze. 
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Both animals died within forty-eight hours of moderate-sized collections of blood 
in the traumatized pleural cavities and with patchy areas of consolidation of the 


right lungs. 


B. Thermal Pleurisy—The right pleural cavities of four young rabbits were 
opened by intercostal incisions and immediately closed air tight around small 
vatheters through which all residual air was evacuated, and 10 ¢.c. of boiling water 
were introduced and immediately removed. The water returned very bloody. One 
animal died immediately in convulsions, one died five days after operation of pneu- 
monia, and one died three weeks after operation with no apparent cause of death 
except for a diaphragmatic hernia which contained a partially obstructed loop of 


duodenum. 





Fig. 6.—A roentgenogram of the thorax of a rabbit 145 days after instillation of 
boiling water into right pleural cavity. The resultant pleural scar has produced the 
typical deformity of a pleural scoliosis. The ribs have been rotated downward and 
mesialward, the interspaces narrowed, and the diaphragm drawn upward. As a re- 
sult of this retraction, the spine has been deviated and the right thoracic cavity has 
been made smaller. Note lack of evidence of rotation deformity. 


The fourth animal was autopsied 148 days after operation. A roentgenogram, 
Fig. 6, taken three days antemortem, shows flattening of and an elevation of one 
interspace of the right half of the diaphragm. The right costophrenic sinus is 
obliterated; the intercostal spaces are narrowed and the ribs closely approximated, 
particularly the fifth, sixth, and seventh ribs. Only immediately adjacent to the 
spine is there a shadow of increased density to suggest thickened pleura. The spine 
deviates to the left with the apex of the curvature at the fifth dorsal vertebra. 
Several vertebral bodies (particularly the fifth dorsal) show slight wedging which 
indicates that the scoliosis is real and not merely apparent. The right hemithorax 
is much smaller than the left. 
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At autopsy the lung was found to be densely adherent to the diaphragm and to 
the entire posterior thoracic wall, but laterally and anteriorly there were only a few 
scattered areas where there were adhesions between the two pleural surfaces, The 
diaphragm was densely adherent to the thoracie wall, to the base of the lung, and 
to the pericardium. The posterolateral parietal and visceral pleurae were definitely 
much thicker and whiter than normal, particularly noticeable near the base. 


C. Chemical Pleurisy.—With the same technic which was used to introduce boiling 
water, 10 ¢.c. of a surgical Dakin’s solution were placed in the pleural cavity of each 
of three rabbits and aspirated after a few seconds of contact. The fluid returned 
very bloody. One animal died of an effusion and pneumonia three days after opera- 
tion. In the two which survived the postmortem findings 150 days after operation 
were similar to those described in the preceding experiment, but there was less 
evidence of pleural sear. In both animals the diaphragm was elevated and fixed, and 
the costophrenic sinus was obliterated. These findings were apparent also in the 
roentgenograms. There was a slight pleural scoliosis in one animal and some nar- 
rowing of the intercostal spaces without deviation of the spine in the other. 


SUMMARY 


A series of experiments is presented in the form of an analytie study 
of the forces which are active in the production of curvatures of the 
spine, with particular reference to thoraecogenie scolioses. Since the 
spines of four-legged animals are not subjected to the stresses normally 
incident to maintenance of static equilibrium under superincumbent 
weight as are the spines of human beings, the results of this investigation 
cannot be compared or applied directly to related clinical problems. 
However, a comparison does show that the spines of both man and animal 
will bend similarly under the influence of an imbalance of the same 
forces and that in both this imbalance may originate within the thorax 
as well as in the chest wall. 

Gross muscle imbalance resulting from paralysis of a wide total seg- 
ment of muscles on one side of the spine immediately provoked an exten- 
sive curvature. Less extensive but no less definite lateral deviations de- 
veloped immediately after extensive posterolateral thoracoplasties which 
involved resection of the major portions of the upper eleven ribs. Of 
particular interest is the ability of animals to compensate an imbalance 
and gradually to bring the spine into straight or more nearly straight 
alignment. ° 

These curvatures produced by an imbalance of either muscles or ribs 
are rotary scolioses in that the vertebrae and the thoracie wall undergo 
rotation simultaneously with lateral deviation and the resulting de- 
formity of both the spine and the thoracic wall have both components. 

As in man, contracture of pleural scar approximates and retracts the 
ribs downward and mesialward and thereby deviates the spine. This 
type of deviation has been designated as pleural scoliosis. Fixation of 
the thoracic wall by the pleural scar renders impossible rotation of the 
vertebral bodies, as they deviate laterally. Consequently, the thoracic 
wall does not develop rotation deformity, and the volume of the hemi- 
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thorax on the side of the concavity is reduced. The reverse situation 
exists with rotary or thoracoplasty scoliosis. 

In three rabbits the half of the diaphragm which had been paralyzed 
by transpleural phrenicectomy assumed a lower position in the thorax 
than the normal side. 

Young, growing animals were used for this study because it was be- 
lieved that their spines would be more responsive to imbalance of forces 
and that their vertebrae would be more likely to develop structural 
changes than would those of matured animals. Structural changes, 
mainly wedging of the vertebral bodies, are definitely although only 
slightly apparent in the roentgenograms. They were also demonstrable 
in the gross specimens. 


CONCLUSIONS 


1. Thoracogenic secolioses can be produced in animals by the same 
imbalance of forces which are active in their production in man. 

2. As in man, removal of supporting forces from one side of the spine 
produces not only lateral deviation, but also rotation deformities of both 
the spine and the thoracic wall. These curvatures may be designated as 
thoracoplasty scolioses. 

3. Also as occurs in man, retraction of pleural scar bends the spine 
laterally without causing rotation deformities, thus producing a typical 
pleural scoliosis. 

4° Animals are much more able than man to compensate an imbalance 
as judged by the early and extensive corrections of curvatures. In this 
respect the absence of superincumbent weight is undoubtedly the most 
important determining factor. 
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